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I T is the recorded opinion of Samuel Johnson that ‘‘he who enlarges his cuiiosity after the works of 
Nature demonstrably multiplies the inlets to his happiness.” This dictum is one which admits of no 
gainsay. The trouble has been always to enable him to do so. The world lies all around, full of 
w onders, full of mysteries, full of miracles, but the guides are few, and the language in which they play 
tlie cicerone is often unintelligible to those whose previous life hjis had to deal with facts and things that 
needed none of their vocabulary. Books there are in abundance — ^good, bad, and indifferent, and all full of 
knowledge about the very things which the student wishes to learn. But the books also pre-suppose 
previous knowledge, and, moreover, they teach too much. One lifetime is not sufficient to read half of 
them, and the time those who have not devoted their days and nights to science can allot to even one 
branch is insufficient to master its literature. Persons of every class, every rank, and every age desire U 
learn something about the daily sights and sounds that they see and hear around them. But tliey too 
often find that tlie pathway to knowledge is closed by the technicalities that the text-book writers have 
tlirown in their way, or that in the search for what they daily see, and desire to have explained, they are 
compelled to wade through a weary flood of what they may never see, and therefore cannot be expected 
to desire to have explained. In Science for All we propose to provide food for such readers — ^food for 
the mind that feels an interest in every-day Science, and science that can be underetood by All. 

We shall pluck the leaves from the hedge-rows, or pick them up from under the trees, and then and 
there read a lesson to the reader We shall break the chalk from the sea cliff’ and the limestone from 
the quaiTy, or with the coal in the fire as our text, try, with the aid of those whose life has been devoted 
to sifting the grain from the chaff*, to explain what these teach ua We shall not suppose that the reader 
knows anything of science, and therefore will adopt the same method in explaining what is seen as the 
reader would do if he or she tried to find out all about it unaided. We shall lead our pupils on from the 
known to the less known, from facts which are familiar and patent to those wliich are less familiar and 
more abstruse. We shall show him the method of scientific reasoning by first pointing out the facts, 
and then asking him to agree with or difi’er from us as to our interpretation of the information we have 
collected together. In other words, we shall adopt the natural method, taking our facts as wo find them in 
Nature, and reasoning from them, not commencing with theories, and then finding facts to support these 
foregone conclusions, which must first be taken for granted, Science is ever advancing, and our work 
will be abreast of the latest discoveries and views, though at tlie same time it will be our duty to avoia 
mere speculation, and cling to the sure ground of ascertained fact. By doing so we run no likelihood of 
exhausting the mina It is only half worked, and the treasures of truth to be extracted are endless. 
The sky is full of them, the air is filled with them, the earth teems with them ; the plants, the animals 
that feed on them, our own bodies and their bodies, the sea and the lake, the river and the swamp — the 
whole world supplies materials. 

In Science for All it will not be the mere curiosities of science which will be explained. Each 
paper will be complete in itself, so far as it goes, and each will contain the explanation of some principle in 
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tlie Bcienoe of which it treats, the object discussed being, as it were, the peg on which the remarks are hung. 
Thus “ Water, Ice, and Steam ” opens up some of the most important fields in physios ; ** A Fallen Leaf," 
properly examined and understood, is the key to the whole science of plant life. The person who can say 
that he understands the nature of a lump of coal is on the highway to know the broad principles of 
geological science; and the study of a crab and its changes is a subject of infinite importanca 
^^The Man in the Moon” has been a familiar personage for ages, but if his back and his bundle 
are studied, there open out before us other worlds which we can never reach save with the eye. How 
does a star twinkle? What is “the stuff dreams are made of?" Where came all the rocks scattered 
over highland hills — whence came the rocks and shells in the clays alongside the lochs, and what 
grooved these rocks as if a file passed over them ? Why are we hungry, and why are we sleepy ? What 
is a whirlpool — how does water circle round in one place, and rise in the air in a waterspout in another ? 
How does a fish swim and a bird fly ? How does a pine tree gi*ow in Britain and a j)alm tree in Ber- 
muda ? Why do the swallows fly south in winter, and what takes the knot to lands beyond Greenland 
in summer ? What is the chemistry of a brewer's vat, and of a gas jet ? How have the lakes been 
made, and how do the Alpine ice rivers descend? What sends the message along the telegraph wire, 
destroys man and beast by lightning, and lights up the darkness with a candle such as human skill has 
never made ? Tliese and a hundred other questions we are daily asking ourselves, and these queries it will 
be the duty of tlie writers in this work to explain. Tims tlie reader may master the mystery of eoinmoii 
things, and in time learn all that is necessary for him to ascertain regarding the daily work of Nature 
aix)und him. 

Technicalities merely as such we shall not trouble ourselves with. It will he our interest more 
to learn about the things themselves than to ascertain the names — useful or not — which the 
nomenclators have affixed to them. If the reader can understand wliat he sees, how it is done, 
wliat is done, how the machine of nature in a loaf or a plant, in a grain of dust or a coal-field 
works, then we shall bo content. “ J’ai toujours cru qu’on pourrait 6tre un tr6s gi'and Botaniste sans 
connaitre une setde plante par son nom,” wiitos Jean-Jacques Rousseau, a man of science of no mean 
accomplishments. And if one can he a “ very gieat botanist without knowing the ntime of a single 
plant,” so might he be a zoologist, a geologist, or a physicist, if not great, at least intelligent, without 
meantime troubling himself with the technicalities of that poiiion of science wliich he learns in our 
familiar lessons. Was it not Schiller who said of science tliat 

“ To some she is the goddess great. Their only cjare to calculate 

To some the milch-cow of the field ; How much butter she will yield 

Our endeavour will be to show the reader what wonders he hourly passes by, and that in his daily life 
there are endless shows he has not seen. “ Nature,” as Goethe says, “ will be reported. All things 
are engaged in writing their own history. The planet and the pebble go attended by their shadows ; the 
rolling rock leaves its scratches on the mountain ; the river its channel in the soil ; the animal its bones 
in the stratum ; the fern leaf its modest epitaph in the coal ; the falling drop makes its sculpture in the 
sand or stona Not a foot slips on the snow or along the ground, but prints, in cliaracters more or less 
lasting, a map of its march. The air is full of sounds, the sky of tokens, the gi-ound of all memoiunda 
and signatures : subjects covered with hints which speak to the intelligent." 
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THE MAN IN THE MOON. 

Bt tub iatb Bichard a. Proctor. 


T he irregular markings on the face of the moon 
attracted attention long before the invention 
of the telescope, and seem from very early times to 
have been regarded as forming the features of an 
imaginary face. We find several references to this 
imagined face in writers of antiquity. In some 
oases the features recognised were those of a man, 
m others of a woman. The ‘‘ man in the moon ** 
of later days seems to have been usually pictured 
as a man bearing a large bundle of sticks on bis 
shoulders, and accompanied by a do^. But those 
who have not heard of the sticks and dog, generally 
imagine a face, only, in the full moon. If the picture 
of the moon shown in Fig. 2 is held at a consider- 
able distance from the eye, the general appeamnce 
presented by the full moon is shown. Then the 
dark parts o and G ai^ the eyes of the full-faced 
man in the moon, the eyebrows sloping downwartls 
and rather heavily marked ; the mouth occupies 
the lower part of the dai'k marking s and t ; and 
the other features fall correspondingly. The full 
figure of a man with his bundle of sticks and little 
dog is, I believe, formed thus’.-r-n is his head, o and 
G the parts of the bundle on either side of his 
shoulders, his legs lie on the dark marking s, 
and T is the little dog. But I am by no means 
sure how the figure should be formed, neither is the 
point one of any importance. 

It is, however, important to notice that {ix)m the 
very earliest tim^ men have recognised always the 
same features in the full moon. They have also 
found that, as the moon waxes and wanes, the 
same features are still seen as far as the illumi- 
nation extends, Jh othw words, men have known 
from time immemorial that the moon in her circuit 
around the earth tu^ al ways the, same face towards 
ua This is in reali^ one of the most rmnarkable 
ciromnstances ^noirii about the moon, though its 
1 


significance has been recognised only in recent 
times. 

The study of the moon’s disc with the naked eye 
did not reveal any facts of interest respecting the 
moon’s physical condition, though carried ou for 
thousands of years, and by some among the chiei 
a8tix>nomers of antiquity. The views held by 
Anaxagoras 500 years before Christ were in the 
main the same as those held by Copemicus, 
and by Galileo himself until the eventful year 
1609, when he first turned a telescope upon the 
moon. It was supposed that the markings indicate 
the presence of lands and seas. Valleys and moun- 
tains on the moon, that she is a globe in many 
respects like our earth, and may pi'obably be, like 
her, the abode of life. 

But even before the invention of the telescope 
many important facts were discovered respecting 
the moon’s motions. Such researches, carried on 
successfully from the time of Hipparchus to that 
of Galileo, were continued thereafter, becoming 
moi'e and more exact as instrumental appliances 
were improved, and culminating in our present 
very exact knowledge of the moon’s distance, size, 
motions, and perturbations. In an account, there- 
fore, of the moon, as known from phenomena, thi 
consideration of these points naturally precedes 
that of her physical condition 

The earliest observers noted that when the moon 
is opposite the sun, she shin^ with a full disc ; that 
when near him in the sky she shows only a fine 
crescent of light, with the horps turned from the 
sun ; and that her disc gradually fills as sbe recedes 
from the sun’s place in the heavens, and gradually 
becomes less and less fully illuminated as she 
approaches him. They ooulc( thence readily infer 
that she must be a globe illuminated by the sun, 
and very much nearer to the earth thaU the sun is. 
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There is no simpler or bettei* proof of this relation 
than the following. Let s, Fig. 1, be a lamp light* 
ing a room not otherwise illuminated ; m a small 
white globe attached to a bent wire, M E H, held in 
the hand, h, of the observer. Now lot the wire be 
slowly twirled, the jiart E H remaining upriglit, so 
that the ball M moves round through the positions 
1, 2, 3, 4, (fcc., to 8. Then if the observer so move 
Ids head as to look at the ball M always along the 
arm e m (or as nearly in that direction as he can, 
for when m is near 5 his head will be in the way of 
the rays from the lamp if he looks exactly along 


i i.-~-JUitbgraiu to illustrate the Phases of the Moon. 

the arm e m), he will see the ball passing through 
all the phases of the moon — dark at 1, a crescent 
of light at 2, one-half bright at 3, three-quarters 
bright at 4, all bright at 5, three-quarters bright 
at 6, one-half blight at 7, a crescent of light at 8, 
and dark again at 1. Since he looks always in 
the same direction as a small observer placed at E 
would look, it is clear that an observer at the centre 
of tlie circuit of the small globe m, would see that 
globe passing through all such phases as the moon 
[>asses through. It follows that the moon’s phases 
are explained by supposing her a globe as m, 
circling round the place E, corresponding to the 
home of the terrestrial observer, and illuminated 
by a more distant light s, corresponduig to the sun. 
It is also easily seen that no other explanation is 
available. Hence we learn that the moon is an 
opaque globe circling round the earth ; that she is 
illuminated by the sun; that she is much nearer 
than the sun ; and therefore, since she looks no 
laiger, that she is a much smaller globe. 

We must next briefly consider how, by watching 
the moon, the early observers ascertained the general 
laws of her motion. In so doing we are, in fact, 
going back to the very beginning of astronomy ; 
for there can be little doubt that the moon’s motions 
were studied and timed long before the apparent 
motions of the sun, planets, and stars wove examined 
or even noticed. The passage of the moon through 
the four quarters of her seeming circuit — that is, 
from invisibility to half full, from half full to 
full, from full to half full, and from half full 


to invisibility — gave the week as a measure of time, 
though men must soon have noticed that the lunar 
month does not contain exactly four weeks. Pro- 
bably at first the time when the moon is invisible 
was regarded ns marking a separation between 
successive months, and the rest of the month was 
divided into four quarters, each a week long, a 
usage of which traces remain in the Jewish festival 
and day of rest of the “new moon.” Ijater the 
regular succession of weeks came in, the length of 
the lunar month being more exactly determined. 
It was found to be 29 days, 12 hours, 43| minutes. 
This is the lunation^ sometimes called the synodical 
month. 

Tracking the moon’s course round the heavens, 
men found that it lies along a certain sone about 
10| degrees wide, the central line of which is the 
sun’s track (though this was only noted later). 
Most of tlie first observers seem to have divided 
this zone into 28 equal parts, called lunar mansions, 
each corresponding very nearly with the moon’s 
motion among the stars during a single day. 
Closer observation showed, however, that she really 
completes the circuit of the stellar heavens in 27 
days, 7 hours, 43|- minutes. This is the sidereal 
month. It is easy to see why it is shorter than the 
common lunar month. To complete a common 
month the moon has to go round the heavens from 
the sun to the sun again, and the sun is all the 
time advancing slowly in the same dii’ection. The 
sun takes one year to go once round the heavens, 
so that in a lunar month of days he completes 
rather less than a twelfth part of a circuit ; thus in 
a common lunar month the moon goes once round 
the stellar heavens and rather less than one-twelfth 
of a circuit more. The common lunar month, then, 
exceeds the sidereal month (in which she completes 
one circuit of the stellar heavens) nearly as one and 
a twelfth exceeds one. 

In making these observations, the first astro- 
nomers could not fail to note the occurrence of 
eclipses, both of the sun and moon. Nor could 
they fail to understand the cause of eclipses. The 
explanation of the phases, as illustrated in Fig. 1, 
shows also why eclipses occur ; for when the 
globe M is as at 1 it is seen by an eye looking 
along the rod E m as a black disc on the face of the 
lamp s, just as the moon is seen as a black disc 
hiding more or less of the sun’s face in a solar 
eclipse. On the other hand, when the globe is as 
at 5, and the observer looks directly along the rod 
E M, his head comes between the lamp s and the 
globe M, throwing a shadow upon it, just as, during 
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an #^1ips0 of the mooHi ooouning always when she 
is full, the shadow of the earth is thiown upon her. 
The details of the circumstances, however, on which 
the oocxu‘rence of eclipses depend must be examined 
hereafter in a imper specially devoted to the subject. 

So also the measurement of the moon*s distance, 
and therefore of her size, the determination of her 
mass or quantity of matter, and the history of the 
inquiries by which from her motions the law of 
gravitation was established, must be sejmrately 
considered. Here we need state only the lesults 
to which such inquiries have led. It has been 
foimd, then, tliat the moon travels at a mean dis- 
tance of 238,820 miles from the earth’s centre, on a 
path nearly circular, but not quite, and also varying 
slightly from time to time in sliape. The moon 
never, under any circumstances, approaches the 
earth within less than 221,590 miles, or receth‘S from 
her more than 252,950 miles. The breadth of the 
moon’s face varies accordingly. When nearest to 
the earth (or in peri<jee^ as it is termed), she has 
an apjmrent diameter of 33}' ; when fartliest (or m 
'ipoyee)^ her apparent diameter is *29 ; her average 

apparent diameter is about 31', or about 1' less than 
tJio average apparent diameter of the sun. Her 
real diameter is about 2,160 milGS, not much more 
than a fourth of the earth’s; her surface 14,000,000 
square miles, or between a iliirteenth and a four- 
teenth of the eartli’s. The earth’s volume exceeds 
the moon's nearly 49^ tiroes. But the moon’s 
material is either lighter or less comj)resyed than 
the earth’s, for the eartli’s mass exceeds hera, not 
49^ times only, but nearly 81}^ times. Her mean 
<lensity, in fact, is almast exactly three-fifths of the 
earth’s, and about 3} times greater than the density 
of water — if the earth’s weight has been rightly 
measured, a point which is oix)n to some doubt. 

Such is the globe on which those mai'kings 
appear which have given rise to the conception 
of a “ man in the moon.” It is necessary to 
i*emember these dimensions in considering the 
markings, for otherwise we should form very im- 
|)erfect ideas of their real nature. Noting that half 
the moon’s apimi^ent diameter is about 1,000 miles, 
we have a ready scale by which to estimate the 
dimensions of any lunar marking ; only, of course, 
it must be remembered also that the face of the 
moon is not a flat circle, but one half of a glol>e, so 
that the paiia near the edge are very much fore- 
shortened. I have already stated that the moon 
turns always the same lialf towaixls us. Sf)eaking 
generally, this is true ; but it is necessary to explain 
that we can see rather more tlian lialf of the moon’s 
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surface. She turns on her axis once while drouiting 
once round the earth in the same direction. If 
both motions were uniform, and both in the aamt) 
plane, she would tui n always the same face exactly 
towards us. But whereas she turns uniformly on 
her axis, she travels round the earth with slightly 
varyuig speed. Thus her motion of revolution at 
one time gtiius, at another loses, on her motion 
of rotation, the effect of which is that at one time 
she appears as if rotated a little backwards, and at 
another as if rotated a little forwards, from her mean 
position ; so that two fringes of her siirface, one on 
the west and the other ou the east of lier medium 
face, are brought into view. This is called the libra- 
turn (or swaying) in lom/Uude, Again, her axis of 
rotation is not cjuitt* ui>riglit or at right angles to 
the plane in which she travels, so that we sometimes 
see a portion of her surface beyond her northern 
pole and a nan*ow northern fringe beyond her 
medium face, and at other times a narrow soutliern 
fringe. This is called the Uhration (or swaying) 

latitude. In this way, and by viewing her ftx)m 
different parts of the largo globe of tbe earth, wc 
see about 58-huudrcdths of her surface instead of 
only 50-hundredths, as we should if there were no 
libration and the earth were veiy small. 

It ought also to be noticed befora we consider 
the condition of the moon’s surface os shown by 
the telesco])o, that gravity at her surface is very 
much less than at tlic earth’s. The quantity of 
matter which on earth W'e call one pound, wouhl 
at the moon’s surface tend downwards only with 
tho same force as about 2 oz. lOiJ drachms at the 
earth’s surface ; and a body let fall from a point 
not far above tbe moon’s surface would in tbe 
first second fall through only 2ft. Sin. instead of 
16 ft lin., as happens with a body falling to the 
earth. 

One of the first discoveries made (by Galileo) wheiE 
the moon was examined with a telescope, was that 
tho dark markings forming the featuros of the man 
in the moon are not seas, as had been supposed by 
Kepler and others, but portions of the solid surface 
of the moon, which, indeed, so far as can be judged, 
seems to be an entirely solid globe. Strangelv 
enough, however, these dark regions, which are still 
called seas, correspond precisely with the regions 
which would be oceanic if thero vrere water on the 
moon. Tliey are great plains, lying at lower levels 
than the brighter parts. I say lower levels, ioi 
it has been shown by the German astronomers, 
Beer and Madler, that these enonnoiis plains are 
not all at the same levoL Each also has its own 
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Fig. 2.--A lUr or tmi Hoov ab bmmx ur ah obdimart Tblbbcops 


AQNAB 81A0 OR OnKt PLAINS. 

A. Tine Sea of Crises 'Mars Cruium). 

B. Humboldt's Sea (Mors fi^^mboldtiamm). 
c. TIm Sea of Ck>ld tHsrs Fncron'*). 

X). Ths Lake of Death {haqwi Mortiti). 

B. The Lake of l>reams (XauRui Somniorum) 
f. The Marsh of Sleep ({loetts Somnii). 
e. The Sea of Tranqnillitj (Mare ihmqtUUU Uia) 

H. The Sea of Serenity Seranitafia). 

I. Tlis Marsh of Fogs (PolmcJfabtilarutiv). 

. The Marsh of Cormption„(^.ilua Putredinis), 

L. The Sea of Tapoors (iifara Taporum). 

M, Mid.Moon Bay (Sia«ia iMUh 

tr. The Baj of Tides (Sinua JE0^wn\ 

0. The Sea of Showers (MaraJirtbntttii). 
p. The Bay of Bainbows (Sfet^.^^'ISutii). 


q. The Ocean of Tempests ( Ooaonua Procallarum). 
R. The Bay of Dew (Sums Berta). 

8. The Sea of donds (Mar* NiUnwn). 

T. The Sea of Liquids (Mar* Swnorum). 

T. The Sea of Neotax (Mara Naetaria). 

X. The Sea of Feoimdity (Mora JPoBOuacUtaita). 

B. The Southern Sea (Mara Auatrala). 


LUNAR RXN0*X0UKTA1NS AND CSATBBS. 


1. Tycho. 

2. Oopemious. 
S, Kepler. 

4. Iristarohus. 

5. Plato. 

6. liinntf. 


7* Archimedes. 
8. Aristotle. 

8. Xheophilus. 
10. Ptolemaaos. 
j 11. Sohiokard. 

< It. Gassendi. 

18. Grimaldi. 


peculiar cliaracter or tint. Whdflfi I speak of them 
as plains, 1 do not wish it to be ^derstood that 
are perfectly level. There are portions of some 
of these seas which seem as level as the smoothest 


prairies in Amerioa^ others are more like the rolling 
prairies ; all show signs of having a rough real sur- 
face. But they are plains in the same sense that 
any wide districts of our earth where th^ variations 
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of tile siir&oe 4o not ajxioimt to more 

i3Mi o feet <»* eo, are spdten of as plains. 

The general idea oanveyed by their appearance 
under the telescope is that they are old searbottoms; 
some older, which have nndergone upheavals and 
othm* dmngbs since the water retreated from them, 
others psOsenting Ihe appearance of being unchanged 
since the time when, after depositing layer upon 
layer of earthy matter, the waters dried up, or 
were in some other way removed. These pecu- 
lianfties of surface contour, and the fact that the 
low level plains are darker than the high mountain 
regions, are hi^y signidcant. They seem to me to 
speak unmistakably of long eras of time during 
which water existed on the moon, and enormous 
quahtities of earthy matter like those which form 
the darker '‘roOlra'' of our own earth were de- 
posited at the bottom of the lunar oceans, seas, and 
lakes, while wide tracts of alluvial matter were 
formed at the mouths of the chief lunar rivers. 

The map of the moon forming Fig. 2 represents 
her as she appears in an ordinary telescope for 
viewing landscapes, Ac., so that she is not inverted 
as with the astronomical telescope. 

The two eyes are formed by the Sea of Showers 
(o), and the Sea of Tranquillity (o). The latter is to 
the eye the darkest large tract on the moon’s surface, 
though in photographs of the full moon the Sea of 
Serenity (h) appears quite as dark. The Sea of 
Vapours (l), the Bay of Tides (or Heats) (n), and 
Mid-Moon Bay (m), form the nose, whose some- 
. what “ tiptilted ” form is, outlined by a range of 
mountains bounding the Sea of Showers on the 
S.W., and called the Lunar Apennines. The 
mouth, rather wide and gaping, is foi'med by the 
Sea of Clouds (s). The rest of the face can be 
filled in by the imagination ad libitum. 

If the telescope gives evidence of the past action 
of water on the moon, much moi’e clearly does it 
bring into view the signs of former igneous activity. 
1 have mentioned the Lunar Apennines. Ranges 
such as these are not the most remarkable features 
of lunar mountain scenery. The lunar mountain 
chains show, like those of the^earth, a greater steep- 
ness on one side than on the other — the side to- 
wards the so-called seas being the steepest, precisely 
as the Pacific slopes of the Andes and Rocky 
Mountains and the southern slopes of the Hima- 
layas are steeper than the slopes tending to the 
wide extent of c6ntin6nt on the east of the 
American akid on the north of the Asiatic chains. 
Soatte^ mountains, hills, and rocks are numerous, 
iome of them standing on the plains in solitary 


grandeur. , According to some o bs erv ers the steep* 
ness of the sides of some of these detadied eleva- 
tions is only equalled among the tenestrial regbns 
most remarkable fc ' the height tud abnqptness of 
their mountaiiis. 

But the most remarkable of all the lunar features 
are the ring-mountains, or great craters. These are 
not only much larger relatively to the moon’s 
smaller globe, but much huger absolutely, than the 
laigest craters on our own earth. They also are 
differently shaped. Terrestrial craters are usually 
comparatively small openings at the top of large 
conical mountains. In the moon, the raised ring 
surrounding the crater rises to a relatively small 
height above the surrounding slopes and the en- 
closed flat bottom, while some of the chief craters 
have a span of many miles. Astronomers commonly 
arrange the lunar ring-shaped cavities into three 
classes — Walled Plains, Ring- Mountains, and 
Craters.” The walled plains appear to have been 
formed first by volcanic fires, upheaving a large 
region, and foiming all round it a ring of raised 
rocky matter, while later the in^terior seems to have 
been invaded by liquid matter from without, carry- 
ing in and depositing substanceB of the same kind 
as those which form the surface of the so-called 
seas. The ring-mountains are smaller, and the 
craters yet smaller. Some observers add, as a fourth 
class, small saucer-shaped depressions not girdled by 
a ring raised above the surrounding plaui. 

The thirteen ring-mountains and craters num- 
bered in our picture will suffice to give a good idea 
of these remarkable objects. 

No. 1 is the great circular mountain l^cho, 
which may be compared to a great carbuncle on 
the chin of the man in the moon. It is the centre 
of a wonderfully irregular mountain region, over 
w hich lie hundreds of craters and ring-mountains, 
while from Tycho itself radiations extend in all 
directions, some reaching to enormous distancea 
Nasmyth compares these to cracks in a globe which 
has b^n burst by the expansion of matter within ^ 
it, or (which comes to the same thing, and probablji 
corresponds more closely with what has actually 
happened in the moon’s case) by the contraction of 
the globe upon unyielding matter within. It has 
been objected to t^ view, that If the shell of the 
lunar globe was burst in this way, the cracks would 
not have closed so exactly that no shadows would 
be thrown along them ; and no shadows are seen 
along the streaks of ^'bright surfkce radiating from 
Tycho. But it ap^iears to me, that if through 
the mighty openings thus rfofmed -liquid -Java were 
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poured out, it would flow all over the opening along 
the cracks, and would have, while liquid, and 
retain after cooling, a nearly level surface throwing 
no perceptible shadows. At any rate, there seems 
no other way of accounting for the I'adiations from 
Tycho and a few other craters, than one involving 
the action of volcanic forces ; and Nasmyth’s cracked 
globe theory seems to indicate the most natural way 
in which such radiations could be accounted for. 
The wall of Tycho rises to a height of nearly tliree 
miles, or more exactly about 16,600 feet, — ^greater 
tlian the height of Mont Blanc. The diameter of 
the circular enclosed space is nearly 50 miles, so that 
the area of this space is about 2,000 square milec. 
In the middle there is a mountain about 5,000 foet 
iiigL 

The crater Copernicus (2) is still larger than 
Tycho, having a diameter of 56 miles. Its cen- 
tral mountain, which has six heads, attains in its 
two highest heads a height of about 2,400 feet. 
1 1 is manifest from the appearance presented by this 
cmter as the boundary between the light and dark 
parts of the moon piusses over it, ]x)th in advancing 
and in retreating, that the whole crater stands high 
above the mean level of the moon’s surfiice. In 
this I’espect it seems to be an even more important 
formation than Tycho, though the ladiations from 
(^opernicus do not extend so far as those from 
Tycho. Under full illumination Copernicus appeai-s 
as a laige, ill-defined white patch (on the left of tlie 
man-in-the-moon’s nose). The floor of Copernicus 
is about 11,000 feet Ijelow the ridgo of the sur- 
rounding ling. 

Before passing from this important and chamo- 
teristic lunar crater, it may be well to notice that, 
whUe the radiations from Copernicus illustrate 
Nasmyth’s theory of the action of the nuclear 
matter uj>on the contracting crust of the moon, the 
region around Copernicus illustrates in another way 
a later process, which has left almost equally well- 
defined traces of its action. If we consider the 
moon at that particular stage of her |)ast histoiy 
when a continuous crust had first formed around 
the molten matter forming her nucleus, we jierceive 
that there would be two well-marked periods of 
progress from that stage. During the first, the outer 
crust would cool more rapidly than the nucleus, 
because radiating its heat freely into space. Conse- 
quently, the crust would contract upon the nucleus, 
and from time to time would be compelled to give 
way at various points of its extent, a series of 
radiating cracks appearing round the region where 
the crust had yielded. But after a time, the crust, 


having already greatly cooled, would no longer cool 
BO rapidly. The heat poured from it into space 
would be compensated, or nearly so, by the heat 
which it would receive from the cooling nucleus. 
Thus the nucleus would now in its turn cool luore 
rapidly than the crust. The nuclear matter would 
therefore shrink from the crust, which, yielding to 
the action of lunar gravity, would contract in such 
a way as to form surface corrugations. Nasmyth 
mentions the shnvelled skin of a dried apple and 
the wrinkles of loose skin upon a lean and shrunken 
hand as illustrations of the corrugations thus formed. 
Now, over the region around Copernicus the cor- 
rugations of tlie lunai’ crust are singularly well 
shown. Whether it be that the same circumstance 
which causes the crater itself (to its very base) to 
be far higher than the mean level of the moon’s 
surface, has favoured the formation of these cor- 
rugations, or whatever may be the true explanation, 
certain it is that they are especially numerous, 
complex, and well defined, over the whole region 
around this fine crater. 

Another interesting peculiarity of the moon’s 
surface is well shown in tlie region around Coper- 
nicus — tlie immense number of small ciiitei’s. I 
have sometimes Imen disposed to believe that some 
among these — at least some among the smallest 
cratere — may have been jiroduced by a cause quite 
different from that to which unquestionably all the 
large craters, and most even of the small cratere, 
must be assigned. When we remember that even 
at this day millions of meteoric masses, of greater 
or less size, fall upon our earth every year, and that 
necessarily moi^e than one-fourteenth as many fall on 
lier companion planet the moon (which presents to 
matter outside a suiface equal to rather less than 
one-thirteenth of the eartli’s), we perceive that in 
remote ages, when as yet the supply of meteoric 
matter had not so nearly approached exhaustion, 
the downpour of meteors on both the earth and 
the moon must have been far heavier than at 
present. Combining this consideration with the 
circumstance tliat during many thousands of years 
the moon’s crust must have been so heated as to be 
plastic to receive impressions frem without, yet firm 
enough to retain them, it can scarcely be doubted 
that the moon’s surface must show some marks 
due to the downfall of the larger meteoric masses 
in that long period of her past existence. Any 
one who studies carefully the region around the 
lunar crater Cojiemicus with a powerful telescope, 
will not foil to recognise many minute pits, 
whereof some, at least, may fairly be explained 
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as due to the downfall of moteora of the larger 
sort 

Kepler (3), a crater about 22 miles in diameter, 
is the centre of another great ray-system inter- 
secting that of Copernicus in such a way as to 
suggest that Kepler is the later formation. The 
interior is depressed about 10,000 feet below the 
top of the ring, 

Aristarchus (4) is a ring-mountain about 28 
miles in diameter, the ring rising some 7,500 
feet above the floor. Within is a mountain of 
singular whiteness. The ring being also very 
bright, the entire crater is visible to the naked eye 
as the brightest small spot on the moon’s face, 
Copernicus being, however, on the whole more 
conspicuous. In the telescope the central moun- 
tain can be seen even when it lies well within the 
dark part of the moon’s disc. Sir W. Herschel 
mistook it, under these circumstances, for a volcano 
in eruption, but doubtless the liglit with which it 
then shines is simply reflected earth-light. For it 
must be remembered that the earih shines in the 
skies of the lunarians as an orb more than thirteen 
times larger than the moon appears to us, and 
probably giving nearly twenty times as much light. 

Plato (5) is one of the most interesting of the 
lunar ring-mountains. It was formerly called the 
Greater Black Lake, on account of the darkness of 
the enclosed plain. This plain is nearly circular, 
about 60 miles in diameten', and containing about 
28,000 square miles. Tlie I’inged wall varies in 
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there. 


height from 3,800 to about 7,300 feet on the 
western side, attaining on the eastern side a some- 
what greater height. The floor is not uniform in 
tint, but, as shown in Figs. 3 and 4, presents slight 
variations, and contains several small craters. It 
has been supposed by some observers that the floor 
of Plato grows darker as the sun rises higher above 
its level. But the general opinion, at present, 
among astronomeis^ is that the supposed change is 


merely an efibet of contrast. If we compare Figs. 
3 and 4, one allowing the ringed plain soon after 
morning has begun there, the other showing it at 
the time of lunar mit, day, we see how in the former 
case (and similarly towards eventide) the black 



Pig. 4.— The Biugod Monuiaiu Pluto ut Mid-Day there. 

shadows cause the floor to look bright by contrast, 
whereas at mid-day in Plato the bright ring all 
round the floor causes the latter to look dark. 

Linn6 (6), in the Sea of Serenity, is a much 
smaller object, but even more interesting. It was 
described by Lohrmann as very deej>,” and by 
Beer and Madler as “deep;” but in 1866 Schmidt 
noticed that Linnb appeared as a mere whitish 
cloud. There seems (after considerable conflict 
and discussion) to remain little doubt that in some 
way, as yet not explained, the walls of this deep 
crater have been lately in great part prostrated. 

Archimedes (7) is a sjx>t not unlike Plato in size 
and shajie, but presenting none of the peculiarities 
or seeming changes of tint which cliaracterise 
Plato. 

Aristotle (8) is a fine crater 50 miles broad and 
about 10,000 feet deep. 

Theophilus (9) is remarkable as the deepest of 
all the lunar craters. Its diameter is about 64 
miles, and the walls around range from 14,000 feet 
to 18,000 feet in height above the floor. There is 
a central mountain more than 5,00p feet high. 

Ptolemieus (10) is the most northerly and the 
largest of a chain of ringed plains. It is no less 
than 115 miles in width. 

Scliickard (11) is an enormous walled plain 460 
miles in circuit. Though the ring is in parts 
10,500 feet high, it must be quite invisible fi’om 
the middle of the plain, owing to the convexity of 
the moon’s surface. 

Gassendi (12) is a walled plain about 55 miles 
across ; Grimaldi (13) is a great crater 147 miles 
long by 129 broad, and remarkable as having a 
floor darker than any portion of the moon of similar 
size. It can be seen, under favourable conditions, 
witliout a telcLCopo. 


8 


SOIENOl FOB ALL. 


Besideft tb6 feakum liitherto considered, the 
moon’s sur&oe presents under close telescopic 
scrutinj a number of ;Tallejrs, ravines, gotgea, and 
clefts, or rills. Some of these last are vexj singular 
in character. As Webb remarks, they pass chiefly 
through levels, intersect craters (proving a more 
recent date), reappear beyond obstructing moun- 
tains as though carri^ through by a tunnel, and 
commence and termumie rniii little reference to 
any conspicuous feat^ of tbe neighbourhood. 
The idea of artificial formation is negatived by 
their magnitude ) the^ have been more probably 
referi^ to cracks in a shrinking surface.” There 
are also closed cracks, sombtimeB of considerable 
length, where the surface is raised higher on one 
side of the crack than on the other, so that 
the displacement (of the same nature as what is 
called by miners a /ault) can bo recognised by the 
shadow thrown on the lower side. 

Fi'om all the observations hitherto made upon 
the radon, it appears that she has a very thin atmo- 
sphere. When she passes over the stars these 
disappear and reappear quite suddenly ; not fading 
gradually from view and coming as gradually into 
view again, as they would if the moon had an 
atmosphere of appreciable density. The absence 
of any lattnosphere, save one of extreme tenuity, is 
also shown by the blackness of the shadows of the 
lunar mountains, and by other phenomena which 
need not here be considered. 

As there are no signs of water on the moon’s 
surface, we may I'easonably conclude that her globe, 
waterless and airless, cannot possibly be the abode 
of any forms of life resembling those with which 
we are familiar on this earth. 

The opinion has been entertained that on the 
farther and invisible part of the moon there may 
be air and water, and consequently that living 
creatures may exist there. But though there aro 
many reasons for believing that tbe moon has not 
always been a waterless and airless globe, it is no 
longer supposed that her air and water have re- 
treated to the farther side. The opinion more 
generally entertained is that as the moon’s interior 
cooled, the water formerly filling the lunar seas 
and bays retreated to the interior of the moon ; 
not filling cavities there (for cavities cannot exist 
in the interior of so large a globe), but soaking 
the mbon’^ substance in the same way that water 
soaks^the substance of pumice-stone and similar 
materials. 

But it must be admitted that while the evidence 


showing the moon ^ be airless and waterless is 
clear, and while there are strong reasons for 
beliov^ that the moon once hnd seas and probi^ly 
an atmosphere much denser than he^ present idano* 
sphere, it is not at all easy to form a sahusfaotorj 
theory respecting the processes hj whiqh she 
attained her actual condition, 

From observations which have been made with 
a view to determine the tint (irrespective of 
cohmr) of tlie moon’s surface, it appears that while 
the average reflective capacity of the moon is about . 
the same as that of weathered sandstone, the grey 
plains are much darker, the bright raised regions 
much whiter. The darkest parts ai*e as deeply 
tinted as our darkest earth, and the brightest spots 
almost as white as lately-fallen snow. From the 
way in which the amount of the lunar light varieB 
as the moon passes through her various phases, it 
is believed that her entire surface, even the parts 
which appear smoothest, are in reality altogether 
rugged. 

To sum up what we have learned about the 
moon : We find that she is a planet accompanying 
a larger planet, the earth, on its journey round 
the sun. Her diameter is about one-quarter, her 
surface about 2-29ths, her volume about 2-99 ths, 
her mass about 2-163rds of the earth’s. She com- 
pletes a journey round the earth regarded as 
at rest in about 27^ days, travelling at a mean 
distance, of 238,820 miles; but tbe lunar month, 
or the, period between successive conjunctions of 
the sun and moon, has an average length of about 
29^ days. The moon’s suiface may be divided 
roughly into raised parts which are usually bright, 
and great plains (not smooth) which are darker, 
and in eome cases very dork. Over all the luised 
parts the signs of former volcanic activity are very 
marked, craters and ring-mountains, inuch larger 
than any existing on the earth, being found in 
great numbers on the moon’s surface. Smaller 
craters are numerous, not only in the raised pans 
but over tbe grey plains. Cracks and faults, deep 
valleys, ravines, and gorges, are also numerous on 
tbe rugged surface of our satellite. No water and 
very little air seem present on the moon ; though 
there are signs that seas formerly existed there, 
and there is reason to believe that the lunar air 
was once not very rare. Although all is not at 
rest in th^ moon, and certain portions of her surface 
seem to have undergone remarkable ohonges, even 
in recent times, there is nothing to suggest that our 
satellite is at present the abode of life. 



A PIECE OF LIMESTONE. 


9 


A PIECE OP LIMESTONE. 

By H. Allsyks Nicholbok, M.D.» Sc D., F L.S., etc. 
Bo^m Brofe$$or of Katural Butory in the UMversity of AherdeetK 


M any of my readers may have Lad the good 
fortune to spend a holiday in one of tlie great 
limestone districts of England — say in Derbyshire, 
in north Lancashire, in the south-west of West- 
morland, or in the West Biding of Yorkshire. 
Those who have done so, will be willing to endoi’se 
the statement that there are few faii’er legions in 
our own fair country. The high and breezy 
uplands are studded with masses of bare grey ix)ck, 
seamed by deep and regular fissures, in the cool 
shade of which flourish miniature forests of snaky 
hait's-tongue, or delicate bladder-fem. All round 
the to])s of the hills run great tei*races of gleaming 
limestone, and their slopes are covered with shoi*t, 
crisp gi-ass of the bidghtest green. In the hollows 
gi’ow clumps of spreading ti*ees, in delightful cou- 
ti'ast to the white and glaring roads. Every here 
and there sjiringb of water well forth out of the 
ground ; and the cl<*ar brown sti earns make their 
way down to the sea through deep and nan*ow 
gorges, dashing tliemsolves into foam over rocky 
ledges or wearing theii* stony beds into a thousand 
fantastic shapes. 

In some of the* more typical limestone districts — 
such as Derbyshire, (Tloucestersbire, or Somerset- 
Bliii-e— we might find a thickness of from one to 
peril a] )s thine thousand feet of pure limestone, with 
liaixlly any intermixture of other kinds of rock. 
In other localities, as in Westmorland, Cumberland, 
Lancashire, and Yorkshire, we should find numer- 
ous beds of limestone, amounting in the aggregate 
to a great thickness, sepai-ated by beds of sandstone 
and shale. In the latter case even a siipei*ficial 
observer would xncognise the limestones, from the 
fact that they stand out boldly as prominent 
scars,” the intervening slopes being occupied by 
the softer rocks with which they are associated 
Apart, however, from its scenic effects, limestone 
is one of the most useful and important of all the 
substances which enter into the composition of the 
crust of the earth, and it is well worth our while 
to know what limestone ?«, and how it was pro- 
duced. Some diy details have necessarily to be 
faced before we can answer these questions fully, 
but we shall find that the history of limestone is, 
for all that, one of great and far-reaching interest. 

The first thing we have to do is to prociu^ a piece 
of limestone — a feat of very easy accomplishment 
2 


in almost any part of this country. If we have 
obtained a specimen of any ordinary limestone, 
we shall find that we have a grevish or bluish 
i*ock, sometimes nearly white, sometimes black, 
sometimes pink, or brown, of a haixl, compact 
texture. The broken surfaces of the piece often 
look somewhat crystalline — that is to say, we can 
see that the rock is to some extent couqiosecl of 
sepaitite crystals, much as in loaf sugar, though to 
a much smaller degree. At other times the texture 
of the rock is exti*emeJy close and fine-grained. As 
a general rule, the naked eye will tell us nothing 
more about limestone than the above, though there 
are cases in which wo might leani moi^. 

If we wisli, however, to unravel the history of 
liuiestono, we must go much deeper than the eye 
alone would lead us, and we must ask the assistance 
of several branches of science. Let us first see 
what wo can learn as to the chemical natime of 
limestone, a point of fundamental importance, both 
fix)iu the scientific and the commercial aspect of the 
question. If we take a piece of limestone, and 
heat it strongly in a furnace, we find that it be- 
comes much lighter in colour, and muili more 
friable — or crumbling — in texture, and we find 
further that though apparently unaltei^ in bulk, 
it has lost a consideiable portion of its weight. It 
now possesses properties which ai^e quite difiTerent 
to those of limestone itself, and it is generally 
known as “ quicklime.” The chemist will tell us 
that quicklime is lime properly so called; so that 
we have hero 07ie of the constituents of limestone. 
What, however, lias the limestone lost which would 
account for its decrease of weight and change of 
projjertios in its conversion into quicklime 1 It 
has lost, 08 we could easily convince ourselves, 
two things, both of which were expelled fixim the 
furnace by the heat, in a form invisible to tlie eye. 
One of these is watery driven off as steam or vajiour 
by the heat. The other is the transparent gas, 
with which we ai*e so familiar as the aemting agent 
in soda-water or lemonade, and which chemists call 
carbimic add. This gas is also driven off by the 
heat; and the danger of sleeping near a lime-kiln, as 
many a homeless wanderer has found, arises from 
the fact that its fumes are poisonous. 

In technical language, then, limestone is a 
compound of lime and ^ carbonic acid, or is a 



10 


SCIENCE FOB AJM 


carbonate of lime; containing a certain amount of 
water, and mixed with a greater or less amount of 
various impurities, such as clay, silica, iron, 
When we heat limestone, we drive off the water 
and the gas, and the Ihne is left behind, along with 
all non-volatile impurities. This fact is at the 
bottom of the process of lime-burning. 

Whether pure or impure, whether artificially 
prepared by the chemist or under the numerous 
natural forms of limestone, carbonate of lime 
j)ossessea one property which is of great importance 
as bearing upon the question of the origin of lime- 
stone. It is, namely, capable of being to a gi'eater 
or less extent dissolved by water impregnated with 
carbonic acid. All natural waters contain more or 
less of this gas, and carbonate of lime is one of the 
commonest of minerals. Hence almost all spring- 
w'ater contains more or less of carbonate of lime in 
solution, a fact which we express by saying that the 
water is “ hard.” The water of the sea also has a 
certain amount of lime dissolved in it, and so have 
the waters of rivers and lakes. In some cases — 
especially in the instance of springs in volcanic 
districts, the waters of which are highly charged 
with carbonic acid — ^the amount of lime held in 
solution in the water is extremely large. When 
such lime-impregnated waters, however, are exposed 
to the air, their carbonic acid escapes, and the lime, 
deprived of its natural solvent, is thrown down in 
its original solid form. It is not uncommon, there- 
fore, to find great beds of limestone which have 
been produced in this way at the points where 
springs of this kind break forth at the surface. 
Similar but smaller deposits of lime are comifionly 
formed by the springs, or rivers, of limestone dis- 
tricts, as shown by the familiar phenomenon of 
** petrifying springs.” The long pendants of car- 
bonate of lime (stalactites) which hang from the 
roofs of caves, or decorate the joints of the mortar 
in old bridges, and the layers of lime (stalagmite) 
thrown down on the floors of many limestone 
caverns, are further instances of the deposition of 
lime directly from water holding it in solution, 

Thoiigh the formation of limestone by direct 
chemical action is thus a common one, nevertheless 
we cannot ascribe the production of any of the more 
important masses of limestone which we find in the 
crust of the earth to any process of this kind. 
Chemical action there still is; but it is chemical 
action controlled and modified by the potent magic 
of the living otganism. We have seen that the 
waters of rivers, lakes, and seas contain a certain 
amount of carbonate of lime in solution, invisible to 


the eye, and without form. Think now how many 
of the animals and plants inhabiting these same 
waters possess more or less elaborate 
skeletons of lime. The beautiful shells 
of our ordinary shell-fish, the exquisite 
envelopes of the microscopic Foramimr 
fera ^ — the minute shells of which are 
found in the sands of the sea-shore or 
in the ocean ooze — ^the armour of crabs 
and lobsters, and other wrongly-called 
‘‘shellfish,” the prickly cases of the 
sea-urchins, and the skeletons of many 
other aquatic animals, are formed of 
carbonate of lime, wholly or in great 
partw The link between these two facts 
is direct and unavoidable. All living 
beings inhabiting water and j)Ossessing 
a skeleton of lime, derive the material 
of that skeleton directly fix)m the water 
in which they live. Hence, though the 
rivers are constantly carrying down to 
the ocean the carbonate of lime which rig. i.-a nving 

, 1-11. 1 . 1 1 . Sea-llly or OrT 

they liold m solution, the undue increase 
of this substance in the water of the STjointod 
sea is prevented by the equally constant 
appropriation of it by myiiads of marine animals, 
which again reduce the lime to its solid form, and 



Fig 2.— A small Piece of Limestone, ont and polished, showing the 
Stems of the Crinoids out across. 

store it away in their tissues, giving it at the same 
time the unmistakable stamp of organic form. 

Let us now apply the above facts to the solution 
of the problem as to the origin of limestone ; and to 
do this thoroughly we must look at limestones from 
different localities, or from different beds in the 
same locality. We cannot do better than look in 

* The F(mm.iniStTa are animals of an exceedingly low grade, 
composed of apparently structureless living matter, wHh almost 
no definite organs, but capable of producing for themselves a 
beautiful, and often mathematioally regular, shell of lime. 
Most of them are so small as not to be visible except under the 
microsoope, and for this reason they have unfortunately never 
received any popular name. Small as they are, the sand of 
the sea-shore is often largely made up of their shells* 
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tlie first place at a piece of one of tlie ** mai*bies” of 
Derbyshire^ merely premising that a marble" is 
nothing more — ^necessarily, at any rate — than a 
limestone which is hard enough to take on a bril- 
liant polish. Such a limestone, especially when seen 
in polished slabs, is found to be composed of little 
else than the calcareous stems of the animals 
which natuiulists know as the sea-lilies or crinoids 
(Fig. 1). A few of these beautiful animals, resem- 
bling small star-fishes rooted to the sea-bottom by 
a long jointed stalk, are found living in the depths 
of our present seas, but their numbers are very few. 
Here, however, in Dorbyshii'e, and indeed in many 
other parts of Britain, we have whole beds of lime- 
stone, of great thickness, and covering vast aivas, 
composed of nothing moi^e than an aggregation of 



Fig. 8 —A small Piece of Limestone, showing numerous Fragments 
of Cimoids on its weathered Surface 

the broken stems of these elegant creatures, all bound 
together by a calcareous cement (Figs. 2 and 3). 
Now, all known sea-lilies are denizens of the sea, and 
it is therefore a matter of certain deduction that the 
beds of Derbyshire marble, and all other limestones 
of a similar character* in other places, existed at 
one time in the form of gimt banks and forests of 
these animals in a llvi7i(ji condition. They were 
either formed by the growth of successive genera- 
tions of crinoids, in place; or they were formed by 
the heaping up by the waves and cun’ents of the 
sea of vast accumulations of their skeletons in a 
more or less broken and fragmentary condition. 

Here is another piece of limestone, again, which 
is composed of the skeletons of coral polypes, in all 
essential respects similar to the coral-producing 
zoophytes of recent seas; and entire beds of the 
limestone are made up of these beautiful struc- 
tures, often standing erect, as they originally grew 
on the sea-bottom. In this case not only do we 
know that the limestone was formed beneath the 
waters of the sea (all known corals being marine), 

* Ai the sea-lilies are teohnioally called ** crinoids ” or ** en- 
crinites,** it is usual to speak of all limestones which are 
compost of their skeletons as ** crinoids! limestones” or 

^encxinital limestones.” 


but we are fortunately enabled to point to precisely 
similar limestones now in process of formation. If 
we transport ourselves to the West Indies, the 
Pacific, or the IndLui Ocean, we find that vast de- 
posits of limestone arc now being laid down in the 
sea, in the form of coral reefr. These cover enormous 
areas, and may be continuous for hundreds of miles, 
and they are composed principally of the calcareous 
skeletons of the beautiful coral polypes — animals 
resembling the seuranemones in fundamental struc- 
ture, but capable of secreting for themselves a 
calcareous supiK>rt or framework, over which their 
soft and biilliantly-coloured bodies are spread. 
Whilst parts of the reef are composed of tha 
skeletons of the corals standing erect as they gi’ew, 
other parts are made up of broken-down corals, 
which have been reduced to fragments by the waves 
of the sea, mixed up with shells of all kinds, and 
often with the limy skeletons of sea-weeds. These 
accumulations of calcareous debris soon harden into 
solid rock, and then reproduce for us, in almost 
every particular, the ancient coralline limestones 
with which the geologist is so familiar. In the case 
of these latter limestones, then, as in the case of 
the crinoidal limestones, we have a certain proof 
that the rock was formed beneath the sea, and that 
it is essentially composed of the skeletons of livuig 
beings. 

Here, again, is another piece of limestone which 
is full of difierent kinds of shells, for the most pari 
quite jx^rfect. In this case, the wganio origin of 
the ix>ok is as clear as in the preceding instances, 
but the rock would not necessarily have been 
formed in the sea. Some limestones contain shells 
which lesemble our living oysters, mussels, whelks, 
cockles, periwinkles, &c., and such are all of marine 
origin, since these shells all inhabit salt water. Other 
limestones, again, are full of the remains of shells 
which BO closely resemble our living river-mussels 
and pond-snails as to leave no doubt that their 
habits of life were the same. These limestones, 
therefore, were formed in fresh water, and are 
composed of the skeletons of animals which lived 
in rivers or lakes. 

The three pieces of limestone which we have 
hitherto been examining aU contain the whole or 
broken skeletons of animals large enough to be 
conspicuously visible to the naked eye. Not only 
is their size considerable, but the skeletons in 
question are so obviously identical with the 
skeletons of now living animals that the only 
wonder is that they should have been so long 
passed over — aa they still are by many who have 
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not learned to use their eyes — or that their animal 
nature should ever have been doubted; this last 
feat, however, having only been aocompli^ed by 
people who did not tixmt to believe that they could 
be the remains of beings that weie once alive. 8o 
far, then, it is tolerably plain sailing ; but there 
are very many specimens of limestone in which you 
would find few or none of these conspicuous animal 
remains, such as sea-lilies, corals, or shell-fish, and 
the whole or the greater part of the rock would 
appear to the unassisted vision to be simply 
oompact and structureless. At this point of oiu* 
inquiry we have to call to our aid an instrument 
the full value of which in geology has only recently 
been recognised — namely, the microscope. We 
cannot, of course, obtain much benefit by simply 
placing a piece of limestone under the microscope, 
though sometimes something may l>e done even in 
this way. It is not, however, a matter of great 
difficulty, by processes which need not be further 
alluded to here, to obtain a slice of limestone (or 
of any other rock) so thin that it can be seen 
through with the greatest ease. By this means 
we can render the magnifying power of the micro- 
ficoi)e readily available in the elucidation of the 
intimate stnicture of the most dense and com|)act 
of rocks. 

If, then, we take such a tiansjmrent slice of any 
ordinary compact limestone, which shows few or no 
indications of its containing animal remains, so far 
as the naked eye is concerned, what do we see on 



JNg. 4.— Part of a tluu Slice of Limestone (Carboniferous) as seen 
under the Microsc^, showing that the Kook is almoirt wholly 
made np of Animal Bemains, 

submitting this to the mici'oscope? As a geneml 
rule, we should find that the apparently structure- 
less mass is instinct with the traces of bygone life. 
Instead of a mere crystalline or giunular aggregate, 
our eye would delightedly recognise innumerable 
fragments of the skeletons of all kinds of marine 
animals, such as sea-lilies, or corals, along with, 
in many instances, entire and beautifully-shaped 


microscopio shells, the whole bound together into a 
soHd mass by a caloareo is cement (Fig. 4). Wo should 
therefore have no' difficulty in recognising tliat 
the rock is really of orgamc origin, and that it 
is composed of the minute skeletons of microscopic 
animals, or plants, or of the fiagments of the 
skeletons of laiger forms. 

We ought, however, to go further than this, and 
our demonstmtion would not be regarded as com- 
plete unless we could point to some similar lime- 
stone now in process of formation in oui* own seas. 
The coi*al rook of many coral islands is largely 
composed of microscopic calcareous organisms, or of 
the broken-down diMs of the skeletons of laiger 
beings, and therefore in pait; sii])plies us with the 
parallel we want; but we may find a better 
example still Everybody knows the soft, eaitliy 
white limestone which we generally call chalk. 
Let us see what modem science has taught us as to 
the real natiu’e and constitution of this substance, 
long one of the puzzles of the geologist. The white 
chalk covers an immense area in Europe, and 
attains a thickness at times of a thousand feet, and 
as it is thi’oughout composed of more or less soft 
and powdery carbonate of lime, it is no matter 
for astonishment that the older geologists felt a 
difficulty in bringing foiward any satisfactory theory 
as to its origin. From this difficulty they were 
i*elievod by the microscope on the one hand, and 
on the other hand by those maiwellous investi- 
gations which have of late years been canied out 
as to tlie natui*e of the sea-bottom at great deptha 
If you make a thin slice of chalk sufficiently 
transpai’eiit to bo seen thi’ough, and examine that 
by means of the microscope, you will find that 
insteail of being composed merely of grains of 
carbonate of lime, as we might expect, it is really 
made up of fragments of the skeletons of various 
marine animals, mixed with innumerable chambered 
calcareous shells of microscopic size, the whole 
united together by a gi’onulai' calcareous base. 
The little chambered shells just spoken of belong 
to the minute animals which the zoologist calls 
Foramim/era^ and though of common occurrence in 
many of Uie ordinaiy limestones, it is not often 
that they ai*e found — as in chalk — in such numbers 
as almost to comiwse the eiitii*e rock. Chalk, in fact, 
may be properly described as a soft formiiniferal 
limestone, since these minute and beautiful shells are 
the principal element in its composition (Fig. 5). 
We have, therefore, to begin with, to endeavour to 
adequately comprehend tlie wonderful fact tliat we 
have in the chalk a rock occupying hundreds of 
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square miles, and attaining hundreds of feet in 
thickness, which is essentially composed of the 
calcareous envelopes of animals so small as to l)e 
absolutely invisible to the naked eye. For our 
knowledge of the modem representative of the 



Fig. 5.<— A thin Slice of Chalk as seen under the Microaoope, ahow- 
mg that the Bock is composed of xniimte Shells {Foraminifwa) 
imbedded in a granular Bams of Lime. 

chalk we are indebted mostly to the deep-sea 
soundings canied out in H.M.S. Oycloj)8 for the 
purpose of finding a suitable track for the Atlantic 
cable, and later to the deepsea dredgings prose- 
cuted in the Lightnirtgi Pai'cupine^ and Challenger 
expeditions, which were sent out for the purpose of 
clearing up our ignorance as to a great many points 
connected with the condition of the ocean and its 
bed at great depths. From these, as well as other 
sources of information, we know that there is now 
forming in the abysses of our great oceans a deposit 
which is essentially similar to unconsolidated chalk. 
This deposit, often called the “Atlantic oo 2 e,” is 
foimd at great depths in both the Atlantic and 
Pacific Oceans, covering areas of vast extent, and 
I)reBenting itself as a whitish-grey, im^ialpable mud, 
very like greyish chalk, when dried. Chemical 
examination shows us that this ooze is composed 
almost wholly of carbonate of lime, and the micro- 
scope reveals the fact that it is principally made up 
of the microscopic chambered shells of Foraminifera, 
many of these being absolutely indistinguishable 
from the Foraminifera of the chalk. If, therefore, 
the Atlantic ooze were once consolidated and con- 
verted into rock, it would present us with an 
almost complete parallel to the true white chalk of 
geologists. 

Chalk, then, is only another example in support 
of the general statement that the majority of lime- 
stones are of organic origin, and are composed of 
the calcareous skeletons of animals and plants. Cf 
the truth of tliis general statement we can have no 
doubt whatever, for it admits of direct demonstra- 
tion ; but there are some cases in which we must of 


necessity rely upon analogy simply. The only case 
of this nature which needs to be alluded to here is 
that of the hard and crystalline limestones whi(^ 
constitute mo.st, though by no means all, of our 
ornamental marbles. If we look, for example, 
at the beautiful white statuary marbles of Carrara, 
we should fail to find any direct proof that they 
were of organic origin. The microscope would show 
them to be composed of nothing but smaller or 
larger crystals of carbonate of lime confusedly mixed 
together, just as a lump of loaf-sugar is made up of 
crystals of sugar. We have, however, every reason 
to feel sure that these ciystalline marbles were at 
one time nothing more than ordinary limestones, 
and, like these, were originally composed of the 
skeletons of various animals. They lost their primi- 
tive condition, and assumed their present crystalline 
state, in consequence of their having been subjected 
to the action of heat combined with pressure, as the 
effect of which the particles of the rock underwent a 
complete rearrangement, assuming a crystalline form, 
and thus necessarily obliterating all traces of their 
original organic nature. That this is no mere theory 
is proved by the fact that in some crystalline 
marbles the change above six>ken of has not affected 
all paris joi the mass equally, so that in places we 
may find the rock less affected than elsewhere, and 
here we may meet with organic remains. Another 
proof of the correctness of this view is afforded by 
the phenomena observed when any ordinary lime- 
stone comes in contact with a mass of rook (such as 
a bed of lava) which we can show to have been at 
one time in a melted condition. In such cases the 
limestone in the immediate vicinity of its once 
heated neighbour, is found to be converted into 
highly crystalline marble, and to have lost all traces 
of its original organic structure ; a little farther off 
fi-om the lava it is hardened and perhaps slightly 
crystalline; and still farther off again it has 
resumed its ordinary condition, and is crowded with 
the remains of animals. 

S])eaking broadly, then, we may regard it as 
established that the great masses of limestone which 
we find BO largely developed in the crust of the earth 
are really of organic origin, and that a very con- 
siderable jwrtion of the solid framework of our globe 
is thus composed of the calcareous skeletons of 
innumerable generations of atumals and plants, 
many of which were individually of microscopic 
dimensions. Nor has this process of lime-making 
been confined to any one period of the earth^s 
history, or to any one place on its surfree. On the 
contrary, it has gone on ever sinco the first intro- 
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ductdon of upon our planet^ and it. has occurred 
in all areas covemi by the ocean* Henoe we have 
limestones belonging to almost all the great geo- 
logical periods, and forming a constituent of the 
land in all our great continents. We have, lastly, 
in the fact that limestones are composed of animal 
lemains, a conclusive proof of the oscillations of 
level, the subsidences and the elevations, to which 
the apparently immovable dry land has been sub- 
jected at successive periods. The composition of 
the ordinary limestones out of the skeletons of 
maiine animals is an incontrovertible proof that 
these rocks could only have been deposited beneath 
the waters of the sea. Every region, thei’efore, 
where we now meet with one of these marine 
limestones, must at one time have formed a jx)rtion 
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of the sea-bottom. Every limestone thus TnayV^fj 
in the place where it occurs, a depression of the 
crust of the earth beneath the searlevel. On the 
other hand, every marine limestone which we now 
find forming part of the dry land, maiks, at the 
point of its occurrence, an elevation of the crust of 
the earth above the searlevel by means of those 
great subterranean forces which are always at 
work over some portion or another of the earih’s 
suiface. Thus, an ordinary piece of limestone, 
such as we may pick up on any roadside, rightly 
considered, brings us at once in living contact with 
the slow but ceaseless action and interaction of 
those great natural forces by means of which the 
exterior of our planet has assumed its present 
structure and configuration. 


HUNGEE. 

By Kouert Wilson, F.R.P.8., 

Late Lecturer on Animal Phyeiolagy in the School of Arts, Edinburgh, 


I S it not Mr. Carlyle who somewhere says that the 
two great moving powers of society are Hunger 
and the Policeman ? Hunger impels people to eat. 
The policeman forces them to work for their food 
in.stead of stealing it. Thus, if we probe all human 
endeavour to the bottom, we shall find lying there 
an empty stomach. Although no small amount of 
very pretty writing has been expended on the 
“ Dignity of Toil,” and the ** noble desire to be up 
and doing ” that animates the natural man, it may 
fairly enough be doubted if such coruscations of 
rhetoric are based on any solid realities in human 
nature. Man docs not toil because he thinks it 
noble to do so. The truth is rather that he looks on 
Labour as a sort of curse, which must be patiently 
borne, because it is one of the essential conditions 
of bare existence. Even so hard a worker as the 
late Mr. Thackeray declared that the worst defect 
he was bom with was a strong disposition to 
easy-going indolence. The gentle ‘‘ Elia,” too, 
though a most indusirktos toiler, in some of his 
quaintest verses has put on record his natural 
hatred of work ; indeed, he goes so far as to sug- 
gest it must have been one of the social nuisances 
invented by the devil If all men were equally 
honest, we might find it generally accepted as 
an ultimate fact that man is naturally a lazy 
animal, averse to toil in every shape or form, 
loving above most things indolence as a delight- 
ful mode of human enjoymentw And what adds 


strength to this opinion is the curious fact, 
jx>mtedly elucidated by the late Mr. Thomas 
Henry Buckle, that civilisation, the directest pro- 
duct of toil, usually api)ears soonest in regions 
where man has either to endure hunger or work 
in order to procui*e food. In the exuberant bounty 
of Nature may be found one of the primary causes 
of ho]^)eleBS barbarism ; simply because man is 
natiually la^ and uninventive when not spurred 
up by the sharj) sting of famine. Place him in an 
environment where abundance of food comes to 
him without exertion, where a genial climate 
I'enders toiling with axe and spade unnecessary, 
and then, so far fi:*om working, he will be found 
sitting contentedly under the nearest ti'ee, idly 
dreaming his life away in the sunshine. But he 
cannot do this in regions where subsistence has to 
be procured at the cost of labour ; that is to say, 
in places which we are wont to call centres of 
civilisation. There most men — ^we might say all 
men — work, some honestly, and some dishonestly. 
If it be asked, What is it that engenders such an 
unnatural but beneficent practice — what is it, in 
other words, that is the cause of that whereof 
civilisation is the most direct and conspicuous 
product? — the answer is, Himger. Now, what is 
hunger, and what are its causes ? 

Everybody knows by personal experience what 
the preliminary manifestations of hunger are like. 
On the other hand, very few people caimble of 
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giving accurate and graphic litemry expression to 
their sensations have any empirical knowledge of 
the sterner realities of hunger, when it develops 
into 6erce staiwatioii. The sensation experienced 
in the I’egion of the stomach when one gets hungry 
is sharp, keen, but at the same time far from pain- 
fol or unpleasant. It suggests not so much that 
one wants food, as that it would be enjoyed vastly 
if it could be got. Assuming that food is withheld, 
tjhen we may say this sensation disappears in a vary- 
ing time, and it gives place to a very different one. 
The feeling of keen appetite is replaced by a strange 
sense of stomachic vacuity, emptiness, or ‘‘ sinking,*' 
to use pojuilar terms, and this again gradually grows 
into absolute and cleai-ly-dehned ])fiin. The inner 
Siiifiice of the healthy hungry stomach is of a 2)aler 
tint than that which distinguishes the organ after 
the introduction of food, or whilst digestion is 
going on. Then the minute blood-vessels of the 
organ become injecteil with blood, and the tint of 
the surface changes from a light i)ink to a deep 
bright red. It is not easy to describe in words 
the sort of pain that hunger causes at this stage 
of abstinence from food, because it is scarcely 
possible to describe adequately in words any of 
the sensations connected with the “vegetative 
hfe** of man, or any of tliose set up by the 
working of the mechanism of nutrition. But, 
perhaps, the best way to realise the feeding of pain 
produced by prolonged hunger is to keep in view 
the fact that a sharp blow on the stomach will at 
any time cause the most acute agony, and to tiy 
and think what that suffering would be if, instead 
of having one's stomach struck, one had it clutched 
by two great rod- hot iron hands, which kept on 
hour after hour tearing it into shreds and tattei-s. 
When this condition is reached, the liiiman body 
may be fitly likeue<l to the {)elican in the ancient 
legend, that tore away its own \itals to feed its 
offspring. The frame of a man in an advanced 
Stage of hunger preys uix)n its tissues in oi'dei* to 
keep its organs in life. It is in the position of 
the stniggling trader who “ makes the two ends 
meet ” by feeding his business not on i)rofits, but 
on that to which it owes its very lieing — his capital 
and stock-in-trade. There are no very well-mai’ked 
])hysical appearances characteristic of this stage of 
hunger, for noticeable emaciation has not yet ^et 
in. A vulpine gleam there may l»e in the feverish 
eye, but beyond tJiat and the generally dejected 
and morose expression of the features there is 
hardly anything very i^eculiar in the visage of the 
starving man. 


On the march, however, one can almost always 
tell when this stage of hunger has appeared, by the 
sudden collapse of animal spirits to which the most 
good-natured of those suffeiing are subject, and by 
the sombre cloud of dull, desperate sulkiness that is 
flung like a pall over each man's heart, in virtue 
whereof attached comrades begin to eye each other 
savagely, as if they were deadly enemies. Then it 
comes to pass, when the moment of keenest agony 
is reached, that the starving man begins to eye his 
com})anion with the wolf-glare of a beast of prey. 
His pangs become paroxysmal. Duiing their 
greatest intensity there springs up within him a 
fierce impulse to slay his neighboui’, that he may 
feed on his flesh and slake his thirst with his blood. 
Tliis terrible prompting to cannibalism, it may be 
noted, is, howevei*, rare, save in cases of famine 
from shipwreck. Although it is customary to I’e- 
gard it as a common feature of starvation, and 
to make thi’illing statements of the frequency 
with which even mothers will, under the goad of 
himger, kill and oat their children ; and though 
startling assertions to this effect have been made 
by historians of groat sieges; yet it ought to be 
said that as a general nile well-authenticated cases 
of cannibalism amongst civilised people will be 
found to occur only at sea. They are very rarely 
found on land. And what is moro curious still, 
whenever famished shipwrecked men set foot on 
shore, no matter how desolate and barren may be 
their rock of refuge, they seem as if by magic at 
once to banish from their minds the very idea of 
anthrojx)phagy or man-eating, and that, too, though 
they might have been resignedly contemplating it 
as an imperative necessity a few hours before. In 
the case of Ensign Prentics, of the 84th Regiment, 
and his companions, who wore wrecked on the 
barren island of Caj>e Breton in 1780, the difference 
])etween famine on shore and on sea is cuiiously 
exemplified. Prenties records that they wero able 
to endure the most fearful pangs of hunger without 
evei* so much as a thought of resorting to canni- 
balism for relief, so long, however, and only so long 
as they kept on land. But when they took to their 
boats — and it was not once merely that they ex- 
|)erienced this — in order to escape from their rock- 
bound prison, though they were not a whit worse 
off for food than they were on land, yet the 
moment they put out to sea, with one accord they 
began to think of killing and eating one of their 
miml)er. On the other hand, when they found 
their attempt to esca})e futile, and put back to 
shore, whenever they landed, the horrid idea of 
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seemed to vanish. The old Hellenic 
myth tells us that Antneus, fighting with Hercules, 
as often as he was beaten to the ground was filled 
with new strength through contact with his mother 
Earth. To the fanciful it might seem as if contact 
with ^erra Jirma had a not very dissimilar moral 
infiuence on the famishing mariner, filling him with 
fresh vigour of will to resist unnatural appetites 
bred of hunger-paugs. But perhaps the more 
rational explanation may be found in tlie hypo- 
thesis that whilst starving men are voyaging 
about in an open boat, exposure to the keen sea-air 
probably sharpens their appetite for food, and so 
mateiially inci'eases the agony of starvation tliat 
their natural loathing for human fiesh is overcome. 

After this period in the progress of starvation is 
passed, even competent medical writers used to 
aasui*e us, the mind of the victim gave way under 
the torture of bodily sensation and the anguish of 
frenzied thoughts. A cjireful study of Cases of 
starvation in which faithful record of the sensa- 
tions experienced has been kept, leads us to very 
different conclusions. There is no “ anguish ” felt 
in the ultimate stages of starvation. After or 
about the fifth or sixth day, the piin of hunger 
gradually ceases to bo felt, and the sharj) edge of 
craving l)ecomos dulled. Emaciation sets in, the 
eyes sink in the sockets, their pupils are dilate<l, 
and a ghastly glare is emitted from between their 
unclosed and motionless lids. The skin is wrinkled, 
and of a dirty-yellowish hue — indicated failure of 
the circulation of the blood in the capillaries, or 
minute, liairliko blood-vessels of the skin. Tlio 
cheeks fall close to the jaws, the lips lie thin and 
tremulous over bloodless gums, and the quaking 
limbs are scarcely capable of voluntary motion. 
After tliis, fueling becomes partially Iwnumbed, the 
senses as messengers of intelligence play the victim 
false. There is no pain, and the mind lapses into 
a state of incoherence and sleepless delirium. Such 
are the more salient phenomena of starvation ere it 
culminates in the last torpor of death. 

Now if this description be carefully scanned, two 
facts must stand forth as very noteworthy. The 
starving man, it will be observed, begins to lose 
flesh before he loses brain-power. In spite of the 
enfeebling action of inanition, he is tortured by 
sleeplessness ; indeed, so far from his brain becoming 
forpid, it develops an abnormal amount of activity 
and excitability, as evidenced by delirious raving. 
In short, ere the painless stage of hunger is reached, 
bodily emaciation has preceded derangement of 
the nervous system, and the brain, so far from 
8 


17 

oeasing to work, is in a d»te of abnormally exalted 
activity. Now this is somewhat singular. We 
should expect that — as the nervous system is the 
most delicate and complex, in point of minute 
structure, in the body, it would sufier first from 
emaciation, or the suspension of nutrition — that it 
would show signs of wasting before the rest of the 
frame began to waste. Yet that the contrary is the 
case may l)e proved otherwise than by merely 
noting that emaciation precedes nervous derange* 
ment in tlie statving man. If, for example, any 
animal be starved to death — and the cruel experi* 
ment has been made more than once — it will be 
found that whilst it has lost only two |)er cent, of 
the nerve and bmin-tissue, more than foity times 
as much of its fat, and more than twenty times as 
much of its muscle or fiesh, have gone. Indeed, 
though the fat is the tissue that breaks up soonest, 
that portion of it in the brain-substance is scarcely 
aflbeted by starvation. We may thus arrive at a 
very simple explanation of what is otherwise 
strange — the curious sleeplessness and abnormal 
mental activity produced by excessive hunger. 
Tliey are due to the comparative immunity fiom 
waste which the brain and nerve-tissue enjoy 
<1urmg stai’vation. This structure has no longer to 
supply nervous energy for carrying on nutritive 
functions, which are suspended by inanition. Re- 
lieved from this task, its libemted j)ower expends it- 
self — partially, at least — in the unnatural exaltation 
of the nerve-centres, in other words, of brain-action, 
which results in sleepless delirium. Moreover, the 
very relief from the duty of supplying nerve-force 
to the organs of nutrition, slackens the R})eed, if it 
does not altogether stop it, at which the nerve- 
tissues would otherwise, in the ordinary course, 
wear and waste. 

One of the most remarkable eflbcts of hunger 
is that which it has on the blood. In the blood- 
liquor there are floating large numbers of minute 
discs, coloured and colourless, which act as carriers 
of nutrition to the tissues. There are also held in 
solution and suspension certain substances, the pro- 
ducts of disintegrated structures, which are always 
being removed. Now, hunger diminishes the quantity 
of blood-discs, but increases the quantity of waste 
products in tlie blood. Clearly, this double action, 
diminishing the nutritive element of the blood, and 
increasing the products of disintegration in it, 
cannot go on for ever. It must have a limit This 
leads us to ask, When does starvation pass the 
boundary-line of life 1 The point at which starva- 
tion becomes fatal is a shifting one. Much depends 
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an the rate at which the tissues of the body break 
down* That rate, again, must vary in proportion 
with the stillness or activity of the starved body. 
Every movement must be made at the cost of a 
certain amount of destruction of substance ; and if 
the body could be kept absolutely still, abstinence 
from food might be prolonged for an enormous 
length of time. The miraculous power of fasting 
ascribed to hysterical devotees is thus explicable. 
Where these people are not sheer impostors, it is 
usually found that the fasting person is bedridden 
‘—is kept lying in a state of profound rest, not even 
being able to speak. It will be also found that the 
waste of tissue in such a case is reduced to the 
quantity broken down in those chemical actions 
which generate animal heat, and to ‘that wasted 
by the Bcai*cely jierccptiblo pulsations of the heart, 
and the minimised respiration whereby, no matter 
to how slight an extent, the blood exchanges 
oxygen from the air for carbonic acid, the product 
of worn-out tissue. That this minimised waste 
goes on and must go on as long as the fasting 
Iverson retains a spark of life, is a self-evident 
fact, just Jis much as it is an obvious truth that 
if we keep a machine going — no matter how feebly 
— it must in some degree wear away, no matter 
liow imperceptibly. We can therefore infer that 
the infinitosimal waste of tissue in a “fasting” 
religieiLse is replaced by an infinitesimal amount of 
nutriment administered at intervals, either openly 
or surreptitiously, or that if this source of supply 
be carefully cut off, as was done in the case of the 
famous Welsh listing girl, death results wlienever 
the cumulative amount of the waste reaches a 
certain point. Now how far can the body waste 
away without dying*? Whenever the body of a 
starving man or animal loses two-fifths of its sub- 
stance, it loses life also. No amount of incantation 
or modem miracle-mongering will enable the fasting 
devotee to live after he loses forty per cent, of Ids 
weight. Of course the semblance of a miracle may 
be manifested, by pi-olonging the time during which 
this waste is endured. Though a week’s starvation . 
will kill a man, yet it will take nearly half a year 
(161 days) to starve a reptile to death. If the 
human being be reduced to that state of absolute 
quiescence which most closely simulates the sluggish 
vitality of a frog, a mii*aculous amount of very 
respectable fasting may be spread over half a year. 
The administration of liquids — oven of pure water — 
will more than double the length of a starving 
man’s life. But it matters not whether the 
abstinence from food be complete, or partial, 


whether it be tempered with the administration of 
liquids, or not ; there is no escaping this inevitable 
doom — that whenever, be it sooner or later, hunger 
robs the li\dng body of two-fifths of its substance, 
it robs it of life also. 

Passing by many interesting points connected 
with abstinence from food — such, for instance, as 
hibernation — we hasten to say a word on what is 
rather an obscure question. What is the cause of 
the sensation of hunger 1 The popular instinct, of 
course, answers. Want of food ; and no doubt that 
is the explanation that lies neai'est the investigator. 
Food lias been called the fuel of life — though it 
would be more correct to say that the fuel of life 
is that whereof food is the raw material — to wit, 
the tissues of the body themselves. But, without 
over-subtle refining, it is very apparent that if we 
withhold that which builds up its fuel, the fire of 
life will soon be quenched. Hunger is the first 
warning signal given to let us know that the body’s 
store of fuel needs replenishing ; and in this sense it 
may be said that the want of food causes the pain 
of hunger. But if want of food causes the hunger- 
pang, it is strange that the administration of sub- 
stances that are not food will dispel it. For 
example, chewing or smoking tobacco, eating lumps 
of clay, as do some South American Indians and 
other tribes, will remove the painful sensation of 
Imiigor, quite as effectually — for the time, at least 
— as a hearty meal. 

Probably this fact led observers to seek in the 
physical effects of mere emptiness of the stomach a 
satisfactory explanation of the pain of hunger. 
When thei*e was no food in the stomach for the 
acrid gastric juice to act on, ihat secretion was, 
according to some, poured out on the coats of the 
organ itself, and by con’oding them it was thought 
to produce the pain of hunger. The only difficulty 
al)out this simple theory was, that when the stomach 
has no food in it, the gastric juice, as a matter of 
fact, is not poured out at all. Food must be present, 
acting as a stimulus, ere the flow of the secretion be 
provoked. But it was said by other physiologists 
that though the gastric juice was wot poured out 
when the stomach was empty, yet it was accumu- 
lated in the little secreting-pits or follicles that dot 
the walls of the cavity. There being no food to 
summon it forth, it kept on accumulating in these 
minute pits till it swelled them out to an exteiit 
that made them pinch the ultimate ramifications of 
the gastric nerves, thus causing acute pain. This 
theory would be very plausible if the gastric pits 
were covered with water-tight lids which were shat 
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when the Btomach was empty, but which flew 
opw when it was filled with food ; this, however, 
is not the case. The mouths of the gastric pits or 
follicles are perfectly open. Whenever gastric juice 
accumulates in them, there is nothing whatever to 
prevent it from running out. Like all fluids, it 
must move in the direction of tlie least resistance. 
It would naturally rather run out at the open 
orifices of the secreting-pits in which it was foimed, 
than remain in to distend tlie walls of these pits in 
a futile attempt to escape at the wrong or closed 
end of them. Perhat>s the oddest belief about the 
cause of hunger-pangs is one which is to this day 
the most i)opular. According to this view, when 
the stomach is empty its walls fall together, and 
their surfaces, grinding over each other, produce 
extreme pain. A very simple exprimeiit will suf- 
fice to dispose of this theory. If a starving man 1)6 
taken, and liquid food, say milk, be injected into 
his veins, he ceases to feel the pain of hunger. 
Yet nothing has been put into liis stomach. That 
cavity is as empty after the experiment as it was 
before it Its surfaces must be ‘^grinding over 
each other” as grimly as ever; yet the pain this 
process was 8U])posed to cause has vanished. 

No explanation yet examined is satisfactoiy, and 
the fjicts elicited are mther conflicting. Swallowing 
other things than food will disj)el the pain of hunger. 
Tliat pain may also bo made to disap]:)ear without 
swallowing anything at all. The local a}>plication of 
(^•I'+ain substances to the stomacli, and the introduc- 
tion of fluid food iut ;0 the veins or the general blood- 
circuit, have seemingly the same remedial effect. 
It will not do to fly to the common refuge of the 
perplexed biologist, and say the mystery is due 
to some demngement of “ the nervous system.” 
Hunger, oven when it develops into starvation, 
has, as we have seen, hardly any marked effect on 
nerve-tissue. Besides, if the pneumo-gastiic nerves 
which supply the stomach be cut — that is, if the 
nervous system of the stomach be practically 


eliminated fh>m the field altogether, it is found that 
the sensation of himger continues just as if nothing 
had happened. By a process of exhaustion, we are 
driven to conclude that os the seat of hunger is 
undoubtedly tlie stomach, the cause of the hunger- 
pain must be sought for in some jieculiar modifloa 
tion suffered by the tissue of the organ itself. We 
are also forced to conclude tliat this modification 
must be so ^leculiar that it can be corrected by 
direct local and indirect geneial applications — ^by a 
bolus of clay as well as by the injection of milk into 
the veins. Now, the only modification apparent 
in a hungry stomach which could by any chance 
satisfy these conditions, is its exti^eme bloodlessness. 
Whatever hurries the circulation of blood in a 
fasting stomach, it is noticed, relieves the pain of 
hunger. The direct application of a bolus to the 
stomach, acting as a mechanical stimulant, may 
have this effect. On the other hand, the injection 
of fluid food into tho veins may correct that general 
altemtion which, as wo have seen, fasting ])roduce8 
in the blood, and which, carrying a feeble and 
depreciated sii 2 >ply of nutrient fluid to the tissue 
of the stomach, produces in it that specific modifi- 
cation which manifests itself in the local sensations 
of hunger. Tho theory of hunger may be thus 
formulated. Fasting produces a general change in 
tho organism as a wlmlo. This again brings about 
a specific change in a jmrticular part of the organ- 
ism — the stomach— of whicli tlio pain of hunger is 
the local symj)toni. Direct apidications, such as a 
bolus of food, or even of clay, temporarily relieve 
this local feeling of pain, by neutralihing the si)ecific 
hxial changes to which that feeling owes its origin. 
Indirect applications, again, such as Ibo injection 
of milk into the blood, correct the general alteration 
of the system protliicod by want of food. By doing 
so, they correct those local gastric changes pro- 
duced by the general effect of fasting in tho system 
— changes which render the local manifestations of 
hunger |)Osaible. 


A FALLEN LEAF. 

By Robert Bkowx, F.L.S., Author op “A Manual op Botany,'* etc. 


S UMMER is the harvest-time of the botanist ; 

but autumn is to him not without its charms. 
It is the season of seeds, and fruits, and late-floweiing 
plants — last harbingers of the floral crop that Nature 
reaps before the arrival of tho winter, which in our 


northern climate reduces active life to a minimum;;. 
Above all, tho autumnal months ai*e the season of the 
falling leaf. Forests containing a variety of broad^ 
leaved trees are at this season almost more attractive 
tlian during the heyday of midsummer. In Junfj, 
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the uneuding vistas of green are fresh, but in some 
degree monotonous. But in September and October, 
the green leaves not yet passing into the sere and 
yellow/’ are relieve 1 by the endless colours — ^yellow, 
rod, brown, and motley — which the dying foliage 
takes; tho woods seem to Lave changed their 
dress. Even in the winter the stripped trees are not 
without a certain weird, ghostly lioauty all their 
own, Foot bound, upJooking at a lovely tree, 
beneath a fi-osty moni,” at this season, the hotaniat 
can examine tho outline of the tree then revealed 
to him by the absence of its leafy dress, and 
compare— if he is gifted wdth the ^‘scientific 


in the form of a mere skeleton outline, bleached 
white, though still preserving its original shape. 
The green leaf is more or less rounded in outline, 
as all leaves are, rather longer than broad, and 
pointed at the end, giving it roughly the form 
of a triangle. The blade of the leaf rests on a 
leafstalk, which seems prolonged through the 
mass of soft given substance which plays the 
part of Bosh to it, in the form of a central back' 
bone, from which are given off on either aide 
ribs, which again branch out into a network oi 
minor B\;b-divisions. The whole is covered over 
with a thin skin, which with care can be peeled off 





Fig 1.— Thbef Stages w the Hwtort of a Black Poflar-Lbaf. 

(a) The Freeh Leaf. (c) Tho Skeleton Loaf. (b) The Withered Leaf. 


use of the imagination” — the veining of the skeleton 
leaves tossed about by the wind among its feet, 
with the branching of the trunk before him. Let 
us, therefore, before materials for our little study 
get scarce, try and learn something from an exami- 
nation of the loaves around us, or wliirled about by 
gusty breezes which sweep through the w’oods and 
tree-bordered parks of tho great city wherein wo 
write this. Here are three leaves (Fig. 1) — one (a) 
bright, fresh, and green, whose duration of life is not 
yet past; we pull it off the black j>oplar-tree on the 
lawn. A second (b), getting yellowish and dry, has 
fallen of its own accord, its life having ended ; it is 
dead. A i^hlrd (c) wo can easily find on the little bank 
which early in autumn has accumulated in some 
by-comer near at hand. It is a leaf of the same 
tree, but the flesh has long ago rotted off its bones ; 
and what was once green and living is now seen 


in little bits. Last of all, we see that the under 
surface of the loaf is, like the under-surface of nearly 
all the loaves around us — no matter from what 
species they ai^e derived — lighter coloured than the 
side which looks tow^ards the sky, and is also not 
so glistening or smooth as that is. 

We have now seen nearly all that the naked eye 
has the power of revealing to ixs ; but, as nearly 
everybody has one of those artificial eyes or sets of 
eyes called microscopes, now to be bought so chea)>Iy, 
we may for a brief period adjourn our examination 
from the garden seat to the study window. With 
a needle we can detach from the under-surface of 
the leaf a tiny bit of the skin or covering of the 
leaf. Press it gently on a slip of glass, and put it 
under the microscope. Here is what is seen (Fig. 
2). We perceive that the whole surface is studded 
over with little openings, each like the opening in 
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the eentre of the letter 0. These are the pores or 
mouths of the leaf-skin. They are found in greater 
or less abundance on all green portions of the plant 
covered with this skin, and even here and there on 
the flower-leaves, but in infinitely greater abund- 
ance on the leaves, and esj)eciaJJy their undor- 
snrfaoes, than anywhere else on the plant Beneath, 



Fig. 2.— -A Piece of the Leaf-Skm showmjj the Pores or Mouths 
(Stomata) ou it. 

these {)ores open into little chambers in the soft 
green substance of the leaf, and generally are in com- 
munication with all the air-passages which, as we 
shall presently see, interlace through the substance 
mentioned (Fig. 3). The number of these motiths 
found on leaves varies from a dozen or two up to 
about 160,000 on a square inch. On the leaf of a 
lilac, 708,750 have been counted ; while an entire 
leaf of the lime, or linden-tree, has 1,053,000. It is 
hardly worth taking the trouble to count them here. 
To examine the substance of the leaf is not so easy. 
But if we manage to cut a thin slice across the 
blade, we shall see under the microsco})e something 
like what we have poi’trayed in the accompanying 
cut (Fig. 3). It will be observed that between 
the upper and under skins of the leaf is a green 
substance, which is made up of roundish bladders — 
the “ cells ” of the botanist — each cell containing in 
•its interior a green substance floating about in a 
watery or glairy fluid. This is known as leaf-green, 
or — ^if you wish a longer name— chlorophyll. This 
leaf-green, seen shining through the transparent 
walls of the bladders in which it is contained, and 
the skin of the plant, give the green aj)i)earance to 
leaves ; for the skin itself, though also composed of 
these bladders, flattened out and arranged side by 
side like the bricks in a wall, contains no green 
matter — and, indeed, nothing but air. Bamifying 
through the midst of this bladder structure — and 
indeed supporting it, and acting as a framework, 
«vefy little vacant space in which it fills up — is a 


thin network formed by the branching of the leaf 
stalk through the blade. This fnimework we shall 
have occasion, by-and-b} , to again speak of, when we 
examine our skeleton leaf. Meantime, this cursoiy 
examination may suffice. We may, however, add 
that the leafstalk and its blanched and nettod 
])roJongation through the blade is com]>osed of 
bundles of tubes or vessels placed side by side, 
and bound together. These tubes carry up the 
nourishment from the stem to the leaves; henoe^ 



Fig 3.— Tbo Loaf cut aorom. 


from a fanciful idea of their resemblance to the blood- 
vessels of animals, they have been called the veifut, 
and we still speak familiarly of their branching 
throughout the leaf as the vmning of that organ. 

We have thus concluded a cursory examination 
of the leafs anatomy ; and cursory it must be, con- 
sidering that volumes have been written regarding 
what we have been forced to dismiss in a few lines. 
It is sufficient, however, for our purpose. If, during 
the time this dissection has been going on, we had 
placed a poplar-leaf freshly taken from the tree into 
a wide-mouthed glass bottle, covered it with water, 
and placed it exposed to the full glare of the sun, 
we should have seen bubbles of air arising from it. 
If, on the contrary, the bottle is exposed to dark- 
ness, we shall also see bubbles given off. But, if 
we are chemist enough to learn this for ourselves, 
we shall find that the daylight and the darkness 
bubbles are composed of diflerent gases. If not, 
then we must take the statement on the word of 
others, who assure us that in the first case they are 
composed of oxygen, in the second of carl)onic acid 
gas. Now, both of these gases enter into the 
composition of the air, the first to the extent of 
about one-fifth of its whole mass, the other to only 
a small iiaction. The oxygen is to animals tie 
life-giving gas; carbonic acid is breathed out by 
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them, and is fatal to their life. The oxygen will 
ciiufte the spark in a bit of wood to burst into a 
blase : if the oatne bit of half-ignited wood is put 
into a vessel containing carbonic-acid gas, it will be 
extinguished. The latter gas is vomited forth in 
great quantities from volcanoes, is breathed out by 
animals, given off by the rotting of dead plants and 
animals, <kc. Small as is the percentage of carbonic 
acid in the atmosphere — ^forming, as it does, only 
one-millionth })art of it— -there must be in the air 
138,610,075,892 tons of carbon, or tliat component 
I)art of carbonic-acid gis which, in the solid form of 
charcoal, is familiar to us. It is found that plants 
while exposed to sunlight ta,ko this carbonic-acid 
gas from the air, by aid of the leaves and other 
green j>arts. Now, the chemical composition of this 
gas is one part of carbon, and two parts of oxygen 
(CO 2 is the chemical “ formula *’). Once absorbed 
into the body of the leaf, a change takes place there 
through the aid of the sunlight and loaf-gi'een in the 
cells. In other words, the carbonic-acid gas is de- 
composed into its original (ilcments. Tlic carlx)n is re- 
tained by the leaf, in order, as we shall sec in another 
])aper, to help to build up the body of the jdant, 
while the oxygen is sent out into the air. It was this 
exhaled oxyg(*n which we saw ascending in bubbles 
through the water, and which if collecteil in a corked 
funnel placed over the mouth of the bottle, would 
have revivified a sjMirk, or even oa\isod a blown-out 
taper to burst into flame. In the darkness, an 
expenment conducted in exactly tlie same maimer 
shows that a directly contrary action takes place. 
Tlic plant, instead of giving out oxygen to the air, 
absorbs it and gives out carbonic-acid gas, but in 
smaller quantities. Where this cai'bonic acid comes 
from is not veiy clear. It is ])erhaps derived from 
tho combination of the oxygen with the carbon 
of the plant ; or it is porba|>s only the carbonic 
acid drawn from the soil escaping from tho sap 
undecompoaed, during the absence of sunlight. 
Now it may be asked, if this is so — and without 
going into a discussion of moot questions, the 
reader may take tho writer’s w^ord for it, that it is 
so — is it not unhealthy to keep plants in bed- 
rooms, or in rooms where i)oople live ? Do they 
not contamuiate the air at night, by giving out this 
poisonous gas, identical with the fumes fi*om burn- 
ing charcoal, or those wliicli kill the dogs in the pesti- 
lent Neai)olitan Gi-otta del Cane 1 Of course, theo- 
retically they do ; but, practically, so little is evolved 
by a window-sill full of plants, that the i^eadcr may 
sleej) even in a conservatory without serious danger 
from guffocation. In a greenhouse containing 


6,000 plants, it was found that after being closed for 
twelve liours, the carbonic-acid gas only amounted to 
1*39 in 10,000 parts. Tliis “inhalation” and “ex- 
halation ” goes on chiefly through these mouths or 
pores which we have described (Fig. 2) ; and in 
water-plants exactly the same interchange of gases 
is hourly in progress. Only, in tlie latter case, the 
air is dissolved in the water, and the breathing does 
not go on through the little mouths — ^these being 
wanting on ilie surface of aquatic plants exposed 
to water — but through the skin generally. Tho 
oxygen absorbed by plants goes through the mouths 
into the little chamber beneath, and then, by means 
of little air-passages or canals between tho bladder- 
substance, circulates all thi*ough tho body of the 
plant. Plants are thus the scavengers of the at- 
mosphere, removing the carbonic acid exhaled by 
putrefying matter, volcanoes, manufactories, <kc., and 
giving out, instead of this gas, so poisonous to animal 
life, oxygen. Waterqdauts perform the same office* 
— viz., “oxygenating;” hence we grow the water 
plants in an aquarium. It thus appears that le ives 
lU'o tho lungs of plants, and that the little lladdeiN 
serve much tho same purpose as the “ air-cells ” of 
the lungs of tho higher animals. But lower down 
in tho scale of life, we find one organ having to 
perform many functions, just as in a low state of 
civilisation many dutic's lU’e performed by ono 
individual. 

If we examine some plants, particularly in tlie 
morning, we will frequently see dro])s of moisture 
standing at the points of the leaves, or accumulated 
in tho pits l)(*tw(‘en the teeth, should the leaves 
have these divisions on their edges. In some cases 
this is merely the dew, or the insensible ]>ei'Rpiration 
of the h‘af condensed. But in most cases it is a true 
perspiration, in drops. Occasionally this fluid will 
have an odour I'eseinbling that of the plant which 
gives it off, just as the perspiration of animals will 
often bear the same smell as that of tho animal itself. 
In some plants, like the so-called Ethiopian lily, con- 
siderable quantities of water exude from the points 
of the leaves ; fi’oquently even on dry, dewless nights, 
when there is no moisture in the air, drops of water 
may be seen hanging from the tips of the branch- 
lets of the common horse-tail, or Equistium umn 
hromm of botanists. All plants, however, give oft’ 
moisture from their leaves, even though this is 
invisible to the eye, just as our skin is always 
perspiring, though the sweat may not stand in 
drops. This can be seen if a plant is grown unaer a 
glass shade, in such a manner that no evaporation 
can be given off by the earth or water in which it 
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is growa KevertheleBB, in a few hours the inside 
of the glass will be dimmed by the moisture given 
otf by the leaves, which has condensed on it 
(Jalculations have been made as to the amount of 
water thus perspired by plants. A sunflower, 
only 3^ feet high, with 5,616 square inches of 
surface exposed to the air, gives ofl' eveiy twelve 
hours twenty to thirty ounces avoirdupois of 
water in this form — ^which is more than a man 
does. Most of the common agricultural plants, 
such as wheat, beans, peas, and clover, exhale 
during the flve months of growth more than two 
hundi'ed times their dry weight of water. The 
Cornelian cheivy is still more remarkable. In the 
course of twenty-four hours it exhales water equal 
in weight to twice that of the whole shinib. Natur- 
ally, the degree of light, warmth, and dryness of 
the air aflects the amount of fluid given off, as well 
as the age and texture of the leaf. However, a 
calculation of the amount of fluid inspired by 
an acre of cabbages may be curious. If the 
cabbages ai^e planted in rows 18 inches apart 
and 18 inches from each other, it is estimated 
that in the course of twelve lioura no less than 
10 tons 4cwt. 3 quarters and 111b. weight of 
water will have l>eon insensibly iHjrspired by their 
fleshy leaves. We now sec why a plant gets 
“ wilted on a hot day if it is not watered. More 
tvater is given ofl* by the leaves on a hot day than 
is naturally sucked up out of the soil by the roots. 
Hence the gardener has to supply the deficiency by 
watering,” if he wishes the plant to Jive. This 
)H*rspiration of the leaves goes on chiefly by means 
of the minute little mouths which we have men- 
tioned as being scattered over the skin of the leaves. 
These little mouths open and close so as to regulate 
the amount of moisture to be given ofi*. If the day 
is very hot or the plant is absorbing much moisture 
from the soil, then the mouths close, and give oflT 
perspiration very niggardly, and vice versd, A good 
deal of moisture is also given off through the thin 
skin of the leaves. Accoi*dingly, plants which grow 
iti deserts (Fig. 4) have their skin much thicker than 
those inhabiting moist countries, so that the life- 
blood of the plant may be economised to the utmost 
extent. For the same reason, apparently, the former 
are also much more fleshy. The diflerent species of 
cactus are examples. If leaves are smeared with 
cil, and in this manner perspiration prevented, the 
plant will die ; just as, in a similar case, a human 
being would if the pores of the skin were all closed. 
All of these facts cannot be observed on the leaf 
under examinatioxu But the chief points we have 


discussed can be seen by a very casual obaervatiem 
of the leaves of the plants in any field, garden, or 
shrubbery. We have thus seen that the leaves also 
perform* for the plant thi/ part of the skin in the 
higher animals, in addition to that of the lungs 
This transpiration ” of moisture through the leaves^ 
also explains how plants can be transported from 
country to country, or kept in a room, in the closed 
glazed boxes called Wardian cases. A Wardian 
case is closed on every side, and does not require 
to be opened, on the {)assage from one country to 
another, for the jdants in it to be watered, a small 
amount of moisture suflicing, on account of the 
water sweated by the leaves being used over again 
and again, the only water consumed being that 
absorbed into the substance of the plant A 
Wardian case thus demonstrates the economy of 
vegetable life, on a small scale. 

The leaves are, however, even more to the plant 
than lungs and skin, as a very little observation 
will suffice to show. Pull off a piece of the baik 
of a tree in mid-winter, and the task will be found 
rather difficult, owing to the absence of any 
appieciable amount of moisture between the wood 
and inner bark. Bo the same in the spring, and 
it will be found that the bark comes off with the 
greatest ease, ov/ing to the amount of moisture in 
the place where only a few weeks before was nothing 
but dryness. Tiy again the same operation iu 
autumn or late summer, and it will be seen that u 
slimy, sticky substance intervenes between the bark 
and the wood. Tlie moisture of early spring was 
the sap ascending through the wood to nourish the 
plant, and the sticky substance we now find is tho 
same sap descending, and in its course forming new 
layers of wood and bark. The nature of this sap, 
and tho function it performs in the plant, will 
the subject of another pa|)er. Meantime, the ascent 
of the sap is not a statement that need bo taken on 
any one’s credit — the reader can see it for himself ; 
and if ho has ever lived in the American back- 
woods, he must be familiar with it, in tlie form of 
the sweet sap which the Indians and settlers collect 
in spring from the sugar-maple tree, for the purpose^ 
of boiling down to make maple sugar (Fig. 5), Its 
descent in the autumn is proved by tying a cord 
around a tree. The sap being thus prevented from 
descending, accumulates above the ligature, and 
being transfonned into wood and bark, forms a 
large bulge or swelling in the branch or trunk 
of the tree. When the sap ascends in spring it is 
a crude, sweetish liquid. When it descends in iha 
autumn it is a thick and oonoentrated liquiti, 
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Msntaining starch, sugar, and other substances, in The leaves also, it would appear, aid in causing 

addition to those which it originally contained, the sap to ascend. The roots may pump it out 

Some of these it has picked up in its travels up of the soil, but the lee^ves draw it up, in much the 

the stem; but many of its changes have taken same manner as the dame of a lamp acts as a 

I Jace in the leaf. Into the leaves the sap has gone, stimulus to the oil to ascend in the wick. The sap 



4.*<-»Vi!Oxtatiov (Alovs, Cacti, stc.), ov the Hbxicav TTplaedb, ob Tiereas Fbias. 


passing from one little bladder to another ; there, never ascends without the leaves being expended, 

we nave seen, it has been exposed to the air, in This may be easily demonstrated. Observe two 

these little bladders or cells. It has been subjected shrubs growing outside a conservatory. In both 

to the action of certain gases, and has become the leaves are in bud ; and, as an incision in the 

thickened by the sweating or evaporation which we stem will show, in neither has the sap begun to 

have described. Having thus been, as it were, ascend. By putting the budding branches of one 

digested, it leaves the leaf by the only outlet by inside the warm conservatory, and so causing the 

which it could either come or go — viz., by the bundle leaves to prematurely expand, then in this shrub 

of vessels which collectively form the leaf-stalk, the sap will begin to ascend; while in the 
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one outdde^ growing in the same soil, but, owing 
to its being exposed to a different atmosphere, 
stni in bud, the sap has not yet taken the initial 
tory steps in its progress heayenwai*d. A leaf thus 
serves a third and very important object in the 
economy of the plant ; it constitutes Uie stomach 
of the plant In fact, s plant may be said to consist 
of a series of individuals cabled leaves, united, as 
some of the lower animals— -plant-like animals. 


the higher animals is sent through the body. Tlie 
leaf'Stalk also bears out the analogy ; for just as the 
aorta in very old people becomes bony, can no 
longer perform its all-important functions, so in like 
manner the leafstalk in leaves which have finislied 
their course becomes clogged with mineral matter. 

This brings us to examine the second leaf in the 
specimens we are studying —viz., the one which, 
yellow and dry, has fallen of its own accord. It is 



Fig 5 — Indiahs QATHKniNO Maplb-Sap is tss Casasias Backwoods 


called zoophytes — are, on a common stem, each indi- 
vidual containing many stomachs — ^the bladders of 
the leafsubstance. 

Finally, it is not carrying the analogy of plant and 
animal too far if we also claim for the leaves the func- 
tions of hearts. They are lungs, because they are the 
breathing-oigans of the plant They serve as skin, 
because through them the plant perspires. They are 
stomachs, because within their “ cells ” the nutritive 
fluid gets fitted for building up the plant. But this 
nutritive fluid is also, after it leaves the leaf-stomach, 
the blood of the vegetable. Hence the leaf is a heart 
which despatches it on its body-building errand, 
and of course, if this simile is admitted, then the 
leafstalk is the representation of the aoita or great 
artery through which the blood from the heart of 

4 


yellowish — why is this 1 Here, again, we must call 
in the chemist’s aid, and he will tell us that the 
colour is due to a chemical transformation which 
has been going on in the leaf green or “ chlorophyll.” 
The same is true of the red, brown, and all other 
coloured leaves with which the ground is so plenti- 
fully strewn around us. The chlorophyll is there^ 
as it was in the green leaf which we have been 
examining ; but it has no longer the same compo- 
sition. It is changed in its composition in that 
mysterious series of little laboratories which are 
contained within the two walls of the leaf. Some 
will even declare that the various autumnal colours 
of leaves are due to the production of new substances 
in the leaf. The chemist has furnished us with a 
long — a very long — ^list of these substances, with 
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XkameB strange to ail but himBel£ However, we 
need not trouble the reader with them, more 
especially as the catalogue would in no possible 
way either instruct or amuse him. But we are not 
done with the fallen leaf. It is dry : that naturally 
follows. It has ceased to receive any sap, and has 
given off all it stored in its bladder-stomachs, and 
the bladders themselves, having now no longer any 
work to do, have shrivelled up for ever. But the 
leaf has not l>een tom off : it has fallen, in the 
fulness of time. Examine the end of the leaf-stalk ; 
it is not tom, nor are the vessels comi>osing it hang- 
ing loose in any way (Fig, 6). Tliey are neatly cut 
off, smooth, and imopen, as may be seen if even a 
inagnifying-glass is applied to the end of the stalk. 
The same is tme of the jdace from which it has 
fallen. There within the scars can be seen numbers 
of little 'Mots” showing where the different bundles 
of vessels entered the stem. Here let the reader 
at once understand that, except in familiar parlance, 
there is no such thing as evergreen trees or shrubs. 
In the plants so called, the leaves do not remain 
all the year round. In reality, only the leaves 
of last season mmain attached to the stem and 
branches until the development of those of the next 
spring, when they fall j the result being that the 
is covered with a continuous mass of green 
leaves, which in popular belief are the same as it 
was clothed with in the former season. Neither is 
it tme that pine, and other trees of that oixler, do 
not shed their leaves. In some species, however, 
the leaves will remain attached for fmm two to 
even ten and twelve years ; but fall they do in the 
end, as an examination of the ground in a forest 
will abundantly testify. In tropical countries, 
plants often lose their leaves during the dry season, 
and develop now ones during the rainy one. All 
loaves — those of grasses and similar plants excepted 
— thus fall. 

How, then, is this important physical and physio- 
logical act accomplished 2 Simple as it seems, it is 
not easy to observe it, and endless have been the 
theories to account for it. It seems to the writer — 
and the reader can judge for himself — that the way 
in which it is accomplished by nature is just that way 
in which the surgeon divides a vessel or bundles of 
vessels when he wishes the operation to be performed 
gradually, and without causing the open ends of 
the vessels to bleed. If he cut them across, then 
their open mouths would allow the blood to escape. 
Accordingly, he ties a ligature or thread around the 
vessels. Gradually a contraction forms, and little 
by little the vessels are divided, the ends closing at 


the same time, and the severance from the body 
is accomplished without loss of blood. Now this 
is just the way nature takes to sever the leaf from 
the branch ot stem. Almost as soon as the leaf 
is developed, the process which is to sever it from 
the stem commences. A contraction forms near the 
point where the loaf-stalk is attached to the branck 
Slowly it deepens and deepens, tmtil so slight is 
the joint which connects it with the parent plant, 
that a slight twist, or even the simple weight of the 
blade, serves to detach it. The leaves of some 



Fifr. 6 —The Fall of the Leaf ; showii:^ the Leaf dropping from the 
mrauoh , the next Year's Leaf>Bua formed ; the isoar, with the 
dinded Bundles of Fibres, and the End of the Leaf>Stalk. mofrui- 
ficMi three tunes (x 3). showing the corresponding Bundles of 
Fibres. 

trees, like the oak, for instance, tliough they die 
and become withered in the autumn, frequently 
remain attached until next spring, when the en- 
largement of the stem detaches them. It is thus 
apparent that the death of the leaf and the fall of it 
are not the same, and that the one does not follow 
the other. It appears that the death of tho leaf is 
owing to the vessels of the leaf-stalk getting choked 
up with the earthy matters left behind by the 
evaporation of the water which held them in solu- 
tion, until, no more sap being able to enter the leaf, 
its functions cease, and it dies. Accordingly, if we 
care to make the experiment, we shall find that in 
the autumn leaves contain much more mineral 
matter than in the spring, and that their vitality is 
more or less active in proportion. Thus, when the 
leaf falls, it returns to tho soil a certain amount of 
the mineral ingredients which the root extracted 
from it in the course of the growing-season. Hence 
also one of the reasons why leaves form a valuable 
manure. 

We have now examined the life, death, and fall 
of the leaf. Let us direct our attention briefly to 
the skeleton one before us. What the skeleton is we 
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have seen* If we could fancy the bones in an animal 
acting at once as skeleton and blood-vessels, then they 
would conjointly be something of the same nature 
os the skeletons of leaves. The only other }K)int we 
shall direct tlie reader’s attention to is the curious 
relation which the shape of many leaves bears to 
the shape of the trees which bore them. In fact, 
a tree stripped of its leaves often looks like a 


hand, a leaf with a leaf-stalk — as in the ease before 
us — implies that the species of tree on which it 
grows has naturally a bt re trunk. In the poplar 
and beech also may be observed a corre8|>ondenco 
between the dis^x)sition and distribution of the 
branches, and the disposition and distribution of 
the leaf-veins. Tliis can be readily seen in the 
annexed figures of skeleton leaves (Fig. 7). 



7.— SaBLUTOH Leaves, showisg the Rbi.attom between Branchinq and Vbining, 


huge outline of the skeleton leaf l 3 nng under 
its shade. The angles at which tlio branches are 
given off from the stem also bear a close relation 
to the angle at which the side-ribs in the leaf are 
given off from the mid-rib. Tliis is seen in the 
poplar-leaf before us. The shape of the leaf is 
really the shape of the tree, which is again deter- 
mined by the angle at which the branches are given 
off from the trunk. The curve of the branches and 
the curve of the ribs in the leaf also correspond. 
Li some leaves there is no leaf-stalk. In such a 
case we find — as in the beech — ^that the trunk is 
naturally branched from the ground. On the other 


We have now finished our study of a fallen leaf. 
The reader will have seen that there is enough to 
observe in it; and yet we have not touclied on 
many subjects of interest. We might have spokeii 
of the beautiful hairs and scales which are frequently 
found on leaves of plants like the simdew, pitcher- 
plant, and others, which not only catch flies, but ab- 
solutely eat them, and prosper on the diet. Neither 
have we allowed ourselves space to describe the 
beautiful regularity with which leaves are attached 
to the branches; the study of these mathematics of 
plants forming a fitting subject for another lesson. 
Last of all, wo need scarcely inform those in the 
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«esl degree acquainted with vegetable physio- 
S that ;n all tSe points we have discussed tbe^ 
axfmany and rival opinions. Honco we have been 


forced to be eclectic, but believe that we have been, 
so far as our space will admit, accurate in describing 
the anatomy and history of a falleh leaf. 


ICE, WATER, AND STEAM. 

J. E. H. GoitDON, B.A., M.S.T.E. 


E very reader will be familiar with these three 
states of water; but in this paj)er we propose 
to discuss the relations of the three states, and the 
laws accoiding to which water passes from one 
state to another. 

We all know that when we heat ice it melts 
and becomes water. If we continue the application 
of heat, the water gets warmer, and begins to give 
off steam, but up to a certain point only slowly. 
Continue the heating, and a sudden change takes 
place ; the water “ boils. Steam is then given off 
much more rapidly, until the whole of the water is 
turned into steam, or boiled away.” These are 
the phenomena as observed by every one. When 
we want to find out a little more about what takes 
place, we must not be satisfied with mere ** observa- 
tion,” but must refer to “experiment.” Now, 
experiment difiers from observation in this way: 
When we observe, we merely look at the phenomena 
in their natural state; when we experiment, we 
reproduce the phenomena under artificial conditions, 
and endeavour to separate the different causes 
which produce them. 

Let us take an instance. The motion of the 
earth is influenced by a great many causes. 
Among them are the attractions of the sun, of tho 
moon, and of other planets. To determine what 
influence each separately has, we have only “ob- 
servation” to guide us, as we cannot “ experiment ” 
with planets. We must be content with seeing 
the effect when two of the disturbing forces act 
in the same direction, and again when they act 
against each other. We cannot modify any of them. 

Suppose, however, we have a cistern being filled 
at a given rate by two pipes, A and b, and we want 
to see what proportion of the inflow of water is due 
to each pipe. We can close pipe a, and observe the 
rate of filling by b alone; and then we can close b, 
and observe the rate of filling by a alone. 

But to return to our ice. We have observed 
that the ice melts when heat is applied. We want 


to know how much heat it takes to melt a given 
piece of ice. But before commencing any heat- 
measui’ements we r 0 <|uire a means of knowing the 
temperature of wljatever substance we are experi- 
menting on. We have such a means in the t/ter- 
nwmeter. 

The most common form of thermometer consists 
of aglass bulb attached 
to a fine glass tube 
(Fig. 1). The bulb 
and a |)ortion of tho 
stem ai*e filled with 
some liquid — either 
mercury (q\iicksilver), 
or spirit. When the 
bulb is heated the 
liquid expands, and a 
portion of it is forced 
into the tube. 

The temperature of 
any liquid can be ob- 
served by placing the 
, , X • ’x j 1 —The ordinary Form of Thevr 

thermometer in it and mometer, with Fahraheit^ and Gen* 

noting at what point Soaiee. 

of the tube the end of the mercury-column stands. 
If the liquid is heated, the thermometer is also 
heated, and the end of the column rises; if it is 
cooled, it sinks, while if the temperature remains 
constant, the head of the column remains station- 
ary. Now, on a very cold day let us take some 
ice, break it up, and put it in a saucepan, and put 
the thermometer so that its bulb is well surrounded 
with ice (Fig. 2). Then let us put the saucepan on a 
slow fire and watch the thermometer. The ice will 
not immediately begin to melt, but the mercury will 
begin to rise,^ and will go on rising steadily for a 
little. Soon, however, the ice will begin to melt, 
and directly this occurs we aPutU see thcU the mercury 

* To easare nioceu in this experiment, the ioe should be 
pounded small and kept stirred irith the thermometer ; this 
prevents one part getti^ hotter than another* 
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mSi atop firing, and mil remain ata/tionary tUl all 
the ice ia melted. That is, the contents of the 
saucepan do not get any hotter, for alJ the heat that 
is applied to them, until all the ice is melted. This 
shows us that when once melting is begun, the 
whole of the heat received from the fire is spent in 



Tig 2.— Experiment illu8tr>tin? gome Phouomeoa connected with 
the MePiuff of Ice. 

melting the ice, and none of it in making the water 
or ice hotter. Let us make a mark on the stem 
of the thermometer, where the mercury stands 
during the melting of the ice. 

Now let us i*epoat the experiment with some 
more ice, and vary it in any way we please. We 
sliall find that, however often we try the experi* 
tnent, the m(Tcury will always stand at the same 
point, which shows us that the temperature at which 
ice melts is always the same.^ Now let us suppose 
our ice all melted, and the heating to continue. The 
mercury rises again — ^which means that the water is 
getting hotter — and it goes on rising till the water 
ix)il8. Directly boiling begins, the mercury 8to|)S 
rising, and rises no more until all the water is 
?)oiled away. 

Next let us repeat this portion of the experiment 
on diflerent days. We shall find that the point 
where the meixjury rests while boiling goes on, is 
nearly the same in the different experiments, but 
not exactly. Thus at the same place, but on dif- 
terent days, water boils at very nearly, but not 
quite, the same tem)>erature. 

Now, however, let us try the experiment first at 
the sea-level, then half-way up a mountain, and 
then at the toj>. We shall find that as we get 
higher above the sea, water boils at a lower tem- 
j)erature, and when we get to the top of a very high 
rmuntain, it will boil when only tepid. The reason 

^ ii a small difference if the ioe is subjected to great 
pressure 


of this will be seen when we think a little what 
boiling is. Water is aJwayj, even when cold, trying 
to turn into steam and expand in that form. 

It is, however, prevented fiom doing so by the 
pressure of tits air. We know that the air at the 
sea-level presses on everything with a pveamre 
of about 15 lb. to the square inch. The reason 
why things are not crushed, is that the jiressure is 
equal in ail directions. 

If we take a bottle, say an ordinary mefl’cine- 
phial, and cork it up air-tight, there is an outward 
pressure of 15 lb. on every square inch of it Thia, 



Fig. 3. — Expenment to illustrate the Pressure of the Atmospbers^ 

however, does not strain the glass, as there is an 
equal and opposite inward pressure exerted by the 
air outside. If, however, we put the bottle insido a 
larger bottle, or jar, and pump the air out of the 
latter, then the outward pressure of the air in the 
bottle will no longer be balanced, but will either burst 
the bottle, or drive out the cork (Fig.3). Well, this 
pressure resists the tendency of the water to turn 
into steam. Wlien, however, the water is heated, 
it trys haixler and harder bo turn into steam, till at 
last a jHiint is reached where the outward pressure 
of the vapour of water just overbalances the inward 
pressure of the air, and then the water boils freely. 

Now we begin to see why water does not always 
boil at the same temperature. Water boils when 
the outward pressure of the steam balances the 
inward pi'essure of the air, but the latter is not 
quite the same on different daya We know tliat 
the larometer is an instrument for measuring the 
pressure of the air. When the air presses heavily, 
the column of mercury rises; when lightly, it sinks. 
That is, the air presses harder when the barometer 
is high than when it is low. 

This enables us to understand why the barometer 
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does not stand at the same height at all times even 
at the same place. When, therefoi’e, the barometer 
is low, it means that the column of air over the 
place of observation is lighter than when the baro- 
meter is high. Therefore, when the barometer is 
high, the steam will have to exercise greater force 
to overcome the pi*essure of the air than when it is 
low : so if the water boils at a certain temperature 
when the barometer is low, it will when the baro- 
meter is higher have to be heated more before the 
steam gets up pressure enough to overcome the 
j)ressure of the air. 

Similarly, in going up a mountain the barometer 
falls, because there is a shorter column of air above 
a jioint half-way up a inounttun than there is above 
one on the sea-level. Now as there is at the high 
level a shortiT column of air, its pressure will be 
overcome, and the water will l)oil, by a much smaller 
l)ressure of steam than at the low level ; and there- 
fore water boils at a lower ienq^erature on the top of 
u raoantain than at the sea-lecd. Numerous experi- 
ments and calculations have been jnad(‘, and a table 
has been constructed by which the height of a 
jnonntain can be detonnmod by observing at wJiat 
temjierature water boils at its summit. Tliis method 
is not quite so accurate as observation with a 
barometer, but in exploring new countries it is 
easier to cany a small tin saucepan and a ther- 
mometer, than it is to carry a mei curial baromeb^r. 

We can by means of an alr-pxmp even make 
nearly cold water boil. li we j>ut a glass of water 
inside an air-tight glass bell and pump the air out, 
the water, though only just tepid, will boil freely. 
Quite cold water cannot bo made to boil in an 
ordinary air-pump, because the vapour of water that 
is given off before boiling commences prevents 
us from ever obtaining anything like a perfect 
vacuum. I do not doubt, however, that with a 
very large air-pump drivem rapidly by a steam- 
engine, water could be made boil when only a few 
degrees above freezing. 

Here is a paradoxical ex])eriment, in which we 
make water in a flask boil by iK)uring cokl water 
on the flask, and stop boiling by boating the flask. 
To perform the experiment, boil some water in a 
flask for some time till all the air is diiven out ; 
cork it and invert it. Tlie boiling will stop in 
a moment or two. If now some cold water be 
poured on the flask, it will condense some of the 
steam and make a pai*tial vacuum, which diminish- 
ing the pressure, the boiling will start again. On 
heeling the flask, the pressure of the steam will 
increase and the boiling stop. 


We may add that — contrary to the popular 
belief on the subject — there is almost no limit to 
the temperature to j^rhich water can be heated ixk 
closed vessels when the pressure of the steam 
prevents it from boiling. In locomotive boilers 
the water is often boated to between 300® and 
400® Fabr. In a sufficiently strong vessel water 
may be heated to a temperature equal to that of 
red-hot iron. 

Ex|>enmont shows that when the barometer is at 
the same height, water always boils at the same 
tem|)craturo. The temperature at which water boils 
when the barometer stands at 29*905 inches in 
air at the froi^zing tempemture is taken as the 
standard boiling-point. 

Here, then, we have two tempenitures wliieli are 
always constant, and which can be easily determined 
— viz., the tem})erature of melting ice, and the teni 
IK‘ratuve at which water boils when the barometer 
stands at 30 inches. These are marked on the 
stem of the thci*momcter, and the sj>Hce In'tween 
them being divided into a given number of equal 
parts, int(*rmediate temperatures can be obsf'i’veil. 

Fahrenheit divided tlie space between tli(‘se two 
points into 180 equal j)arts, and numb(u*ed the 
lower one 32®, and the upper 212®, so we say that 
ice melts at 32' Fahrenheit, and water boils at 212® 
when the baronu'ter stands at 30 inches. In the 
CViitigi*ad(‘ scale the lowcjr point is called 0®, and 
the upper 100®, but we will use the Fain*, scale in 
this 2 >aper, as it is likely to be moi’e familiar to our 
readere. 

We have seen that a good deal of heat is ox* 
pended in melting the ice, and that until all the ice 
is melted none of the heat is 82 )ent in making the 
water warmer than 32®. Similarly, a good deal of 
beat is spent in changing the water at 212® into 
steam, at the same tem|)ei*Jiture. None of this heat 
is employed in lujating eitlier the water or the steam; 
it is all exjxjnded in producing the change of state. 

We are now in a position to i‘etum to our deter 
mination of how much boat is u.sed in each ca«e. 
To measure anything we must have a unit. To 
measure a length, we have a unit called the yard, 
and we can com 2 )are different lengths by saying how 
many yards each of them contains. To measure a 
liquid, wo have a unit called a gallon, and we can 
compare different quantities of liquid by saying 
how many gallons each contains. But how are we 
to have a unit of heat ? It is found that within 
certain limits the quantity of heat which is required 
to heat a given quantity of water through a given 
number of degrees of temperature is always tlw same. 
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So we take as our unit of heat the quantity of 
heat which will heat 11b. of water P Fahr. It 
is found by experiment that to molt 11b. of ice 
lequires no less than 144 units of heat ; or the 
quantity of heat which it takes to molt a piece of 
ice would raise the tempei*ature of the same weight 
of water 144'* Fahr. It is also found that the heat 
Inquired to evaporate a pound of water is equal to 
967 units, or that the quantity of heat which it takes 
to boil away a quantity of water could raise the 
temperature of 967 times that quantity of water 1° 
Fahr. 

Water, when all converted into steam, occupies, 
when the barometer stands at 30 inches, about 1,650 
times its former volume. It must bo remembered 
that steam is an invisible vapour. The white clouds 
which often accompany it are due to partial con- 
densation. 

And now let us see what hapi>ens when we reverse 
the processes wo have just gone through. Let us 
suppose that, insteatl of allowing our steam to go 
up the chimney, wo collect it all in a vessel from 
which no heat can escape, and then condense it : 
we shall find that the steam in condensing gi%es 
out exactly as much heat as the water absorbed durhiy 
the process of boiling away. That is, the heat 
which 1 lb. weight of steam gives out in condensing 
would heat 967 lb. of water 1° Fahr. ; or, what is 
the same thing, 96 lb. 10°. Those seem enormous 
figures, but the experiment is one which any one 
cjin try roughly. Get a largo kettle, and put 
11b. of water into it (Fig. 4). Water can be 
easily weighed by couuter 2 )oising a jug or glass 
on th(? scales, then adding one pound to the 
weights, and pouring in water till tho balance 
is restored. Now make tho lid air-tight with a 
little putty, and jam a bit of wood between it and 
the handle, to hold it down. Attach a long india- 
rubber tube to the spout, and let it go into a wooden 
tub containing cold water.* I^et there be tube 
enough to make at least a dozen coils in the tub. 
Put into the tub 971b. of cold water — that will 
be about 9| gallons. Put the kettle on the fire, 
tilted back so that the spout may be clear of the 
water. Take the temperature of the cold water 
carefully, say it is 60*^, cover up the tub with some 
blankets to prevent heat escaping, and wait till all 
the water is boiled away. Now take tho tempera- 
ture of the water in the tub again, and you might 
expect to find, if you have done your exj^eriment 
carefully, that it is just 10" higher. The increase 

• A bit of stick and stiing fiom the chimney-piece will be 
found useful to keep the tube away from the fire 


of temperature will, however, be somewhat 
for we must remember that the condensed steam 
forms lib. of water at 212" which we have added 
to the 96 lb. of cold water, and this will raise ita 
tempemture, roughly speaking, (212" — 70"), of 

about IJ", so we shall find that the whole increase 
of temjieraturo is about llj". That is, that the 
condensation of the steam from about f of a pint 
of water has heated 9| gallons of water 11 J 
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instead of 9J gallons, w(* had only, say, 2 in the 
tub, it would have been heated some 55", or the 
steam from ♦ of a pint of water would heat 2 gallons 
of cold w^ator so that }ou could just bear jour 
hand in it. You must not expect very great accuracy 
in these measurements. Tlie experiments on which 
thf* numbers are based were made in laboratories 
with all manner of elabomte contrivances for pre- 
venting escape of heat, allowing for heat absorbed 
by containing-vesbcls, ikc. Tliey will, however, 
give a fair idea of tho enormou.i quantity of heat 
required to change water into steam, and given olF 
again when the steam condenses. 

Having thus condensed our steam, let us go ot 
cooling the water till it begins to freeze, and note 
the process that takes place. Small needle like 
crystals begin to form, some sticking to the bottom 
and sides of the vessel, some on the surface of the 
water; but we observe that all the bits of free ice 
float. Why is this ? Each weighs, of course, ex- 
actly the same as tho water from which it has been 
formed. In order that a Ixxly may float in water, it 
must be lighter than its own bulk of water, or, what 
is tho same thing, larger than its oxen weight of water. 
Hiat is, the ice must have expaiuded in fi'eezing. 
To show directly that this is tho case, fill a bottie 
quite full of water, cork it up, and wire down tho 
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oork. On freezing the water, thebottle will be broken. 
The escpancdve force of ice in freezing is enormous. 
Opticians sell small cast-iron bottles half an inch 
thick. These being filled with water, an iron stopper 
is screwed in, and the whole put in a freezing- 
mixture. On the solidification of the water, the 
bottles are invariably burst. 

When water is enclosed in still stronger bottles, 
fio that it cannot expand, it can be cooled much 
below the freezing-point without solidification taking 
place. The breaking-up of porous rocks is much 
hastened by the expansion when it freezes of the 
rain-water which fills the cracks in them. Water, 
like all other bodies, contracts as it is cooled; 
but just above the freezing-point it begins to 
expand, and expands till it is solidified. The 
ice, once formed, contracts as it cools, like any other 
solid body. The point of maadmum density of water 
— that is, the temperature where contraction ceases, 
and expansion sets in — is about Fahr. Water 
shares this property of expanding at the moment 
of solidification with bismuth and some other sub- 
stances. Cast-iron possesses this property in a small 
degree, hence the sharpness of iron castings, as the 
expansion at solidification fills every part of the 
mould. 

Under certain circumstances, ice does not behave 
as a solid, but as a viscous fluid, like very thick 
treacle. Glaciers do not move down in one block, 
but JloWj accommodating themselves to the vaiying 
width of their channel. Professor lyndall planted 
a row of sticks in a straight line across a glacier ; 
and after a few days the line had become a crescent, 
with the concavity upwards, showing that the 
middle of the glacier moved faster than the sides, 
just as in a river the stream is stronger in the 
centre. Two theorios have been put forward to 
account for the viscosity of ice ; one is, that it is a 
true viscosity, and the other that it is produced by 
the effect of pressure in lowering the freezing-point 
of water, so that whenever the ice is subjected to 
great pressure it melts. The water then yields to the 
pressure, and instantly re-freozes in its new shape. 

A striking experiment — due, I believe, to Mr. 
Bottomley — ^illustrates this. A block of ice being 
laid across the backs of two chairs, a fine iron wire 
is put over it, to which is hung a heavy weight. 
In a short time, the wire passes completely through 
the ice, and allows the weight to fall, while the ice 
is not broken, nor is any mark visible where the 
wire has passed through (Fig. 5). 

The explanation of this is that the pressure of the 
wire melts the ice immediatdy below it. The water 


is displaced by the wire, and fills the space above it, 
where, the pressure being removed, it instantly re- 
freezes. 

The viscosity of ice can be shown by cutting 
a long, thin slab of ice, and supporting it on two 
chairs, when it will, even iu a temperature below 
freezing, gradually bend with its own weight. 

If the reader has followed the experiments, and 
deductions finm those experiments, described in the 
foregoing pages, he should have learned in the first 
place that there is a difierence between observation 
and experiment. Then he will have seen that a good 
deal of heat is required to melt ice, and that also 
much heat is spent in converting a piece of ice into 
water at the same temperature. He will have also 
learned how temperature is indicated, and thus, 



Fig. 5.— Experiment demooRtrating the Melting of Ice under 
Preesnre, and its Be-freezing. 

incidentally, the theory of the mercurial ther- 
mometer. The temperature at which ice melts, 
except when it is under great pressure, has been 
shown to be always the same. But the temperature 
at which water boils varies according to the height 
of the barometer. 

Water boils when the expansive force of tho 
steam overcomes the pressure of the air. Hence 
tho height of motmtains can be calculated from the 
temperature at which water boils on their summits, 
for at a given height of the barometer water always 
boils at the same temperature. It has also been 
demonstrated that a great deal of heat is required 
to convert hot water into steam at the same 
temperature. Quantities of heat are measured ; the 
unit of heat is the quantity of heat which will raise 
the temperature of one pound of water one degree 
Fahr. It takes 144 units of heat to melt 1 lb. of ice, 
and 967 units to convert 1 lb. of water into steam. 
Steam at the same pressure of the atmosphere 
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occupies about 1,650 times the volume of the water 
fiom which it is produced. On condensing steam or 
freezing water the same quantity of heat which was 
requir^ to produce the change of state is now given 
off in the reverse process. Water expands when 
freezing ; the point of maximum density — ^that is, 
the temperature at which a given weight of water is 
smallest — is Fahr. Water exercises enormous 

pressure in freezing, and will burst strong iron ves- 
sels. When the vessels are strong enough to resist 


pressure, freezing is arrested, and the temperature 
may be reduced much below 32® Fahr. before solidi- 
fication takes place. FinaUy, in this paper the 
writer has endeavoured to show that ice is not 
rigid, but viscous, like tar, honey, or treacle, as 
proved by the well-known fact that a glacier flows 
like a river — ^faster in tlie middle of the stream. 
This may be either true viscosity, or else it may 
only be that where the pressure is greatest the ice 
is temporarily melted. 


A HIGHLAND GLEN. 

Bv Robert Brown, M.A., Ph.D., F.R.G.8., 

Formerly Lecturer on Qeology and Phynaal Geography in the School of ArtSf Edinburgh^ etc» 


is autumn, and we are sitting on the hill- 
slope overlooking a Highland glen. It is one 
of those deep and wildly-romantic valleys that run 
seaward along the western shores of Scotland, to 
terminate in a deep loch, inlet, or Qord, which is 
to all intents and purposes the exact counterpart 
of the glen we have been travelling through, except 
that where in the loch there is sea, in the glen 
there is land. The scene has been painted a hun- 
dred times. The misty morning clouds that have 
hung over the hills since dawn are now lifting up, 
and opening out the view seaward and landward. 
Westward, there is the loch, with its sunlit surface, 
and its white sails, the full extent of it concealed by 
the wild heathery capos, round which the fog still 
hangs, grey and ghostlike, as if loth to leave a 
scene so peculiarly in keeping with it. Out of the 
mist comes the cry of the sea-mews, mingled with 
the whir of the grouse which are flushed from the 
heather at our feet ; while afar we can hear the 
distant echo of the waterfall ceaselessly splashing 
into the sea. Landward, the scene is wildly peace- 
ful The eye meets only mountain after mountain, 
the highest beginning to be tipped with the early 
snow, while the fading heather flowers give a 
reddish-brown aspect to the surface. A few 
cotters* thatched huts smoke down in the valley; 
a few dwarf sheep or long-homed, shaggy High- 
land cattle, graze here and there. But beyond 
this the land is yet in a state of nature. For all 
of the signs of man and his works around us, we 
might be in some Rooky Mountain valley, or 
looking on a scene in the Scandinavian Nordland. 
But we are at present studying the landscape not 
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from the painter’s or the poet’s point of view. 
Pleasant no doubt it is — 

To roam at largo among unpooplod glens 
And mountainous retirements, only trod 
By devious footsteps ; regions consecrate 
By oldest time ; and while the mists 
Flying, and rainy vapours, call out shapes 
And phantoms from the crags and solid earth ; 

. . . . and while the streams 
Descending from the region of the clouds. 

And starting from the hollows of the earth. 

More multitudinous every moQient, rend 
Their way before them. What a joy to roam 
An equal among mightiest energies.” * 

It is our businesB, however, to analyse that scenery 
— to shut our eyes for the time being to the har- 
monious whole, and to investigate the elements of 
which it is composed. Now, in doing so, we are at 
once struck by the smoothed, shaved, or rounded 
aspect of many of the rocks. Rain, wind, rivers, 
and weather in every form, have been ceaselessly at 
work moulding the mountains at their will. The 
rocks are accordingly worn in various fantastic 
forms, accoixling to the facilities they give for the 
elements acting on them. They crumble away in 
sharp peaks, in rounded knobs, or in the low, stair- 
like appearance so characteristic of whinstone. 
Here, however, the mountains seem mostly com- 
posed of granite, or what for our purpose is much 
the same ; and the surface is everywhere, especially 
on the lower grounds, rounded and smoothed, as if 
it had been subjected to the action of some great 
file. Scattered over their surface are blocks of rock. 

* Wordsworth : ** Exoursiou,” Bk. iv. 
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coverefl with the motley-colotired lichens, and 
weighing in some cases many tona Most of these 
blocks have sharp edges, and seem to have under- 
gone no roilgh usage save what the weather has 
inflicted on them. Others, however, are rounded ; 
their sharp edges are worn off, so that in many 
instances they seem as if they had been rolled 
round and i*ound until they have attained their 
present shape. Some of them are scattered on 
the hills hereabouts; in fact, we are sitting on 
one. But if wo travel down into the glen, and 
stand in the bed of the “ burn” or rivulet which 
runs through it on to the loch, we shall see 
still more. Indeed, this stream — now so quiet as 
it trickles along through its almost dry bed, but 
which we can see, from the broad, I’ugged path it 
has worn for itself, is a wild ravager from the 
mountiiin when swollen by the melting snow of 
spring — seems to have cut its way through among 
these rounded blocks or “ bouldeiu” The whole 
soil is full of tliem, little and big, and the water 
which has washed away the clay now gurgles and 
splashes in, about, and over them. 

But if wo examine them further wo detect some- 
thing still more stalling — viz., that many of them 
are of rock not the same as that on which they 



Figr 1 — Perched Block. 


ai*e lying, often i>erched in strange positions (Fig. 1). 
The rounded boulders in the clay down on the banks 
of the bum in the glen are generally of the same 
rock as is found in the vicinity, or at least within a 
few miles. But the perched blocks on the hills 
aroimd, or scattered about here and there, are, in 
the greater number of cases, rocks that are strange 
not only to the country about, but even to Scotland. 
Indeed, if you are a traveller, you may detect in 


many of them, rocks which are not found nearer 
than Norway. This is a discovery, then : the 
blocks of stone are travellers, strangers to the 
neighbourhood, and, though naturalised, not of 
Scottish biith. 

The next thing we observe is that all or nearly 
aU of the round boulders are scratched or polished 
in certain places, as if some giant had rubbed them 
with a Titanic file, and thereafter applied sand- 
paper to the place, without, however, eflaoing the 
file-marks (Fig. 2). 

The geologist must be a philosopher of the ixsri- 
patetic school ; and accordingly, if we wish to ascer- 
t^iin anjdihing accurate about the history of this 
weird -looking Highland glen, wo must not be sparing 
of our legs. We again climb the liill, and examine 
the rocks around. Bc*yond being rounded and 
knoll-like here and there, we at first sight obser\o 
nothing very peculiar. But just as we are sitting 
on a smoother place than ordinary, we detect on 
th(^ siiifaco of the rock scratches and polishing very 
much the same as that which we saw on the bouldei’s 
below. The scratches are, however, usually deeper 
— in some cjises being moi'e like the fuiTows made 
by drawing a garden-rake over a firm, soddened 
piece of soil, than mere scratches. In other places, 
the suiface is absolutely smoothed, and eveniiolished, 
whei*e the material acted ujKin is sufficiently hard 
to have taken this on. In other spots, the scratches 
are almost effac(*d by the action of the weather on 
the rock, or by the coiToding action of the lichens. 
Now that we have once discovered these scratches, 
we seek eagerly around for more, and as likely as 
not find them jilentifully and well preserved by 
pulling up the thin, hungry Highland tuid* that in 
the course of ages has accumulated over them, and 
protected them from Time — that edax rerum — rock 
scratches included. 

(xeuemlisation in geology from a few facts is ^ 
dangerous if seductive pa.stime. Still, in this case 
we are right, if we conclude, after an hour or two’s 
searcli, that in this part of the country at least, 
most of the grooves and scratches take a determinate 
direction. They may occasionally cross each other, 
and in places look as if sand-paper, in which each 
grain was a j^bble imbedded in a board, had given 
the rock a rough polishing. Still, the conclusion 
from a study of the average is that they all go in 
one general direction. In this case it happens tC' 

westward, or to the sea. 

But something has caught our eye down in the 
glen. We apply the field-glass to it. It looks like 
a sheep asleep among the heather — a black one, too, 
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albeit that breed is rather rare hereabouts. But 
no — it cannot be a sheep. We shout : the other 
sheep scamper off. We throw stones down on them, 
and they instantly show themselves sensible to such 
lithine persuasives. We roll a little boulder or 
two down the heathery slope, but the black sheep 
lying asleep among the heather — ^iis back only aj)- 
|)earing among the waving cotton-grass, blue -bells, 
and purple ling — ^remains motionless, though our 
missile rushes down the liill-side, through the 
bc^gy pastures, and splashes into the bum with 
a sound that gathers voice and echoes among the 
silent hills. If it is a sheep, it is pei-fectly certain 
tliat it is a deaf or a dead one. Finally we do, what 
we ought to have done at first ; we pay the black 
object a visit. Then we discover the secret of its 
silence — the mystery of its immobility. It is a 
large black boulder, firmly imbedded in the soil, 
or i)erhaps only a piece of tlie mountain rock 
apjHjaring above the surface. But, at a distance, 
it certainly looks wondrously like a sheep. Tlxis is 
owing to the fact that it, too, is smoothed, and 
|)erha})s }X)lislied also, as if some great flood had for 
ages been jxHiring over it ; or, better still, as if 
some more or less solid body had been squeezing 
and grinding it on its course down the valley ; for 
it is clear that, whatever has been the giinding 
agent, it has moved seaward (Fig. 3). 

We have now learned so many facts — or what 
wc suppose to be facts, for in geology the last thing 
the man who has not learned to look should do is 
to ** trust his own eyes ” — ^that we had better pause 
and master the data, before the data master us. 
What, then, have we learned 1 Simply this — (1) 
That in and about this Highland glen there are 
certain rocks lying solitary, detached — not belonging 
to the immediate neighbourhood, and in many cases 
brought from a great distance. (2) That many of 
the rocks are semtehed, grooved, and i)olished as if 
some body capable of leaving an impression behind 
it had passed over them ; that these markings are 
found on the rocks high and low ; that the markings 
are all in one general direction, as if the body had 
been moving seaward ; and that, last of all, it is 
evident that the markings — from those on the rocks 
at the top of the hill, to those on black-sheep-like 
rocks among the heather down below — were caused 
by the same agent, whatever that might have been. 
These are facts : there is no getting over them. The 
next question is, What agent brought the rocks here 
from a distance ? Here is a native of the glen, who 
has lived in it, ‘^man and boy ” — shepherd and sheei>- 
farmer — ** seven-and-sixty years come next shearing- 


time.” Perhaps he knows something about iti 
The reader will at once perceive, from our credulity 
as to the knowledge of the glensman, that we are, 
however sharp in Capel Ooui ^ or in Chancery Lane, 
very ignorant of the character of Higlilaiiders, 
and that our knowledge of physical geography is 
extremely elementaiy, “ Oh, yes I he knows all 
about it ; ” and then, after ascertaining all about us 
— where we have come from, and whei’e we are going 
to — he enlightens us : — “ A witch, who lived in the 
old times in Tramowhusky Strath, was carrying 
some chucky-stones to Glen Mutchkin, and just here- 
abouts her apron-strings broke. Anyhow, that is 
what his father told him, and he had lived in the 
glen eighty-nine year ; though old Donald M‘Alpine 
did say how it was the stones that one giant threw 
at another that lived in Skye, that fell short here, 
and ” 

It is evident that the worthy drover^s geology is 
even more elementary than ours, and we endeavour 
to think it out for ourselves. What brought the 
stones herel Wind] That may be at once dis- 
missed. The wind is gusty enough in the glen, but 
it is scarcely equal to blowing a shower of fifty-ton 
boulders from the Grampians, far less from Norway. 
Water] This is moi-e likely. But though it might 
have rolled the boulders in the valley down to where 
they lie, it could never have tossed them upon the 
top of the highest hills, and |>erched them in all 
manner of ]^)eculiar places, sometimes even balancing 
them neatly on the points of other rocks, where they 
swing gently in the wind, as they have swung, to 
all ap])eai’ances, for ages — ^and eons — past (Fig. 1). 
Moreover, there are no signs of water hereabouta 
If we examine the clay on the cutting which the 
burn running through the glen has made for itself, 
we see nothing which would lead us to suppose that 
the clay or heterogeneous mass of stones on either 
bank had been subjected to the action of water; 
while the rocks perched high on the hills boar no 
signs of having been worn by either the waves, or 
in the bed of a river, or by any kind of current 
rubbing against them. Besides, there is the fact oi 
some of the blocks having been brought from over 
the sea. It would be absurd to suppose tliat rook 
was ever, like 8t. Cuthbert’s stone coffin, capable 
of floating on the surface of water. This is reserved 
for monkish miracles, and we are endeavouring to 
exercise our i*eason. So there is no common ground 
between us and tho monks, any more than there 
was between us and the witch-believing High- 
lander who was our first guide and meant to be our 
philosopher and friend. We give it up.” We have 
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exhausted all the reasonable moving agents within 
our knowledge, and still have not explained the 
groovings, sca^tchings, and polishings on the rocks. 
For it is very probable that the scratchings are in 



Fig 2 — Bock bcratclios. 

some way connected with the travelled blocks, if 
the same agent that brought these stony voyagei*s 
here did not leave the scratched records of the fact 
on the rocks also. It is perfectly certain, however, 
that these scratches, <kc., were made cither before 
the travelled blocks of stone were deposited where 
they are, or about the same jieriod, otherwise the 
agent that smoothed the rocks would have swept 
away the boulders upon them. It is therefore 
evident that mere guessing is a waste of time, and 
if the reader has already fathomed the mystery, he 
must be considerate enough to pardon the writer 
for under-estimating Ins acuteness. 

Next year we are in Switzerland, and spend 
some time in examining the glaciers in that 
country. The ghiciei*s are great masses of land- 
ice, moving down from the mountains, filling up 
the valleys, and descending to the low grounds, 
until the warmth of the climate melts off the lower 
end, and thus counterbalances the force that causes 
them to move from above (Fig. 4). This, for the 
present, is sufficient for our purpose ; by-and-by we 
may have a great deal more to say about glaciers. 
On the surface of these glaciers we see moraines — 
that is, earth, gravel, and rock which have fallen 
on the sides of the glacier, and been carried from 
high up among the Alps, miles and miles on the 
snowy surface of the glacier, until, by the melting 
away of the end of the glacier, they have been 
stranded down among the vineyards and pastures of 


the lower valleys. There to this day you can see them 
scattered about. The very peasants recognise them 
as not belonging to the neighbourhood, and style 
them jocularly ‘‘ foundlings.” At the place where 
the end of the glacier was melted away we see a 
little of what was under the glacier. There are 
masses of mud, stones, and blocks of rock, which, 
owing to their having got frozen into the under 
surface of the glacier, have been rolled over and over 
in the course of its journey, until they are now 
more or less ix)unded, or at least have their sharp 
edges worn off. Again the guide — that omniscient 
man — will take us mto Alpine valleys, out of which, 
owing to a change of climate or other causes, the 
glaciers have long ago disappeared, only leaving 
their traces behind. There wo see tlie travelled 
blocks and the rounded boulders , but wo also 
observe something which strikes us as strangely 
faraibai’, and recalls a Highland scene of twelve 
months ago. We see the black-slieep-like rocks 
rising, back up, above the pasture. We examine 
them, and find them m every resjiect identical with 
those we saw last year in the Highland glen (p. 35). 
To our astonishment wo find that these rocks are 
known to the Swiss Bs^roclm moutorineea^ or “sheejv 
rocks,” and that their shape is due to old glaciers hav- 
ing passed over them when those icc-nvers cmwied 
down the valley we are standing in. There are 
the scratchings and groovings, and indeed, on every 
rock where the glacier has passed over, we find the 



Fig 3 -'Sheep'Books. 


same marks, identical in every respect with those 
we saw on the Highland hills. We see how they 
have been formed. Stones and gravel have got 
frozen into the under surface of the glacier, and 
have ground the rocks over which the glacier had 
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passed^ just in the same way as if the glacier was a 
huge file^ many miles in length, and half a mile in 
breadth, moving with an impetus that carried all 
before it. All around us we see the effects of this 
great file, working down the rocks and soil in that 
“ eternal grind.” From under the glacier a stream, 
formed chiefly of the melted snow which has fallen 
through the cracks of the glacier, is ever flowing. 
This stream is milky in colour, and dejxDsits, if 
allowed to settle, a fine mud, which it holds in 


Another fact is discovered by us on our second 
visit to this Highland glen. As we are passing 
through the valley we examine the banks of the 
sti’eam flowing through it On each side we see 
a cutting displaying the character of the soil. It 
is filled with rounded boulders,* bits of rock, <fec. 
— all from a few miles around — but this is dikhruy 
arranged without any relation to the weight of the 
materials, showing that the materials were placed 
there not by the action of water. Moreover, wo find 



Fig. 4 —Glacier or the SrsTEN Pass, Switzerland, bhowiho the Moraines. 


suspension. This mud is, in reality, the rocks 
powdered into dust by the moving glacier. 

Light is dawning upon us ! We return to the 
Highland glen, as if we had received a revelation 
from our visit to the Swiss one. It is perfectly 
apparent that to ice must be due the boulders scat- 
tered over the hills, the ** sheep-rocks ” in the glen, 
the mass of rounded boulders on the banks cf the 
“ bum” down below, and the scratches on the rocks. 
But still there are some things not altogether clear 
yet. For instance, we cannot well understand how 
the perched blocks got to the top of the hills. If 
they had been deposited by glaciers, would they 
not have lieen down in the valleys 1 


in this mass stones scratched and polished, and— 
take it all in all — there seems strong reason to be- 
lieve that it is the exact counterpart of the material 
we got a glimpse of under the Swiss glacier. 

But lower down the valley, indeed along the 
shores of the loch itself, we come upon another 
deposit. It is a whitish fine-grained clay, iden- 
tical with that which we have seen the brick-makers 
using for moulding. Here there is no longer any 
doubt al)Out the action of water. The clay is 
finely “ laminated ” like the leaves of a book, tlic 
heavier materials lowest, the finer uppermost. 8o 
far so good, and we might pass on ; but in digging 
• Hence known to geologiets as the ** Boulder-clay.’* 
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into it we disinter shells — sea -shells — of forms not 
unfamiliar to us. If we take them to a museum, 
we shall soon see that they are of species now 
living, but not, or rarely, in the seas round our 
islands. Here are a few of the more common ones, 
which we have dug out of the clay along the loch- 
side (Fig. 5) : — 



Pig. 5.— ARCTic Shells fouiiid in th® ScoTrisH Glacial Clats. 


1 . jSaiVicaw rugoaa. 

2. Jatarte borealis . . 

3. Peoien islandwus. 

4. Ledatruncata , , 

5. TeUina caloarea . . 

6 . J^da lanceolata. 

7 . Trophon clathratum. 

8. Natica clausa. 

A further examination soon shows that they are 
shells now found commonly in the seas of Green- 
land, Spitzbergen, and other Arctic countries. These 
facts show — first, that at one time what is now land 
must have been sea-bottom ; and secondly, that at 
that time the sea around the Scottish shores must 
have been colder than at pi*csent, so as to allow these 
Arctic shells to burrow in the mud. Still, evcry- 
tliing is not very clear to us, though the curtain 
has l)ecn lifting up since that day when we sat, 
ignorant alike of glaciers and geology, on the 
l)oulder in Glen Mutchkin. We can now see how 
the glaciers that once filled the Scottish glens de- 
posited boulders in the valleys, and grooved the 
rocks ; but yet we do not quite see the source of 
the rocks on the hills, nor of the beds of clay con- 
taining Arctic shells. Nor are we ever likely to 
know until we visit some great Arctic counUy like 
Crreenland. 

In the latter continental island, for example, you 
hud the whole interior covered by one great glacier 


— swaddling hill and dale in one icy winding-sheet* 
If the tiuveller i)enetraies on it for a little way, he 
sees nothing before him but ice. There is ice north, 
and ice south ; and if he goes far enough, he will 
see the black coast, the few miles of uncovered 
land surrounding this ice-covered interior plateau, 
fading away behind him as the coast fades behind 
the voyager sailing out to sea in a ship. Into 
the inlets, lochs, or fjords of the- coast this great 
nier de glace — this mighty sea of ice — discharges 
itself in the form of icebergs (Fig. 6). Now, 
these icebergs are simply the ends of the glaciers 
broken ofi* by being floated up by the buoyancy of 
the sea, and then falling off by their own weight. 
In the Swiss glaciers we have, of course, no icebergs, 
for long before the glaciera could reach tlie sea they 
would be melted by the warmth of the countries 
through which they would have to pass. But in 
these far northern latitudes it is different. There, 
glaciers form almost at the sea-level, and after a 
veiy brief course terminate in the sea. But other- 
wise the Alpine and the Arctic glaciers ai*o identical. 
Each bears rocks, &c., on its surface, and each cle- 
|K)sits them; but with the difference that, while 
in the Alpine glaciers the blocks and other ice 
freight are deposited in the valleys, whei*e the 
glacier-end melts, in the Arctic ones the iceberg 
or broken-off end of the glacier, canies them to sea, 
and when the berg capsizes, deposits them on the 
bottom. In fact, the bed of Baffin’s Bay and Davis 
Strait must be now strewn with such perched blocks, 
imbedded in mud, and thus subject little if at all 
to the wearing action of the waves. From under 
the Arctic glacier, as from under the Alpine one, 
there ix)urs the milky river (p. 37). It flows, 
however, into the Qord, which it in time shoals up. 
Ill the mud deposited from the glacier-river the 
Arctic shell-fish burrow and live. Let us examine 
a bucket or two of this mud. To our pleasing 
surjirise, we find it exactly the same as the old 
clay we saw along the Scottish loch-side, and in this 
clay are the same species of shells we found im- 
bedded in that clay (Fig. 5). The very ^ord itself 
is the counterpart of the Scottish ^ord. It is 
curious that these inlets, as in Scotland, Norway, 
and Nortli-west America, are always found on the 
western or moist sides of the country, where snow, 
the material out of which glaciers are made, is 
plentiful Moreover, they are never found out ot 
the latitudes in which snow falls. Hence there is 
every reason to believe that at one time they were 
the beds of glaciers, and, from being mere depres- 
sions, were hollowed into glens on land, and (jords 


a. Exterior of Valve. 

b. Interior of Valve. 

a. Exterior of Loft Valve. 

b. Interior of Same. 

a Exterior of Left Valve, 
t. Interior of Same. 
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on sea, by the ever-grinding action of the ice passing 
through them.* 

We have finished our study. We have led the 
reader on step by step, not concealing our difficulties 
as far as these are necessary to the right under- 
standing of the subject in outline, and asking him 
to examine the different links in the argument. 
What, then, are the conclusions ] These seem in- 
evitably as follows : — ^That at one time Scotland was 


Land at the present day is rising and falling slowly. 
Indeed, it is tlie stable sea and the unstable land— 
not the reverse, as we have been familiarly led to 
believe. The period during which all this hap|)ene<l 
is known to geologists as the “ glacial i)eriod.^’t At 
that time the whole of the North of E\u'ope, 
America, and perhaps of Asia, was covered by ice, 
and much of it was also under the sea. The musk- 
ox and the Arctic lemming lived in England, a woolly 
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swathed in ice, as Greenland is now ; that her 
valleys were filled with glaciers, which discharged 
icebergs into her lochs, then chilly enough for the 
Arctic shells to burrow in the mud deposited from 
the infra-glacier rivers, as is the case in Greenland 
at the present day ; and tliat floating icebergs, or 
perhaps an Arctic ice-floe, at intervals dejK)8ited 
blocks of stone, now found perched ui)on the hills. 
This, of course, presupposes that much of what is 
now dry land was then under the sea, and vice vered. 
But that is a fact so familiar that it is almost unneces- 
sary to mention so elementary a bit of knowledge. 

* In regard to which the writer may be allowed to refer the 
reader to his Essay on the Structure of Greenland, m “ Arctic 
Papers of the Boyal Geographical Society ” (1875), pp, 1 —73. 


elephant roamed over the North of Asia, vliile the 
reindeer was a familiar animal as far south a& 

t There are few Bubjecte on which there has been more dis- 
cussion than the “glacial i>eriod,” and scarcely two geologists 
h ivu the same opinions on the same point. However, it is now 
universally held that such an eiwch, or scries of epochs, did 
exist, and that Scotland was subject to them. Some will even 
deny the presence of the universal ice cap in Scotland as in 
Greenland, and declare that sea icc, and icebergs with glaciers, 
did all the glacialntion wc see on the hills, &c. But these 
gentlemen reason from observations of an isolated and local 
character. Too much has been made of the “ theory. ” Some 
very ill informed writers seem no more able to keep tho 
“glacier theory” out of their books than Mr. Dick could 
keep King Charles I. out of his memorial. However, after 
an intimate acquaintance with glacialation both in tho Arctic 
regions and in Europe and America, the conclusions given seem 
to us lust. 
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France. Indeed, it is probable that at different 
periods in the earth’s histoiy there have been recur- 
rent periods of cold, and that what we familiarly 
call the glacial ” period was the last of these — an 
epoch which, though chronologically very remote, 
is geologically almost immediately antecedent to 
man’s advent on the earth. Indeed, it is by no 
means certain that man was not then living in 
Britain. There is no reason why he should not 
have been. He lives prosperous and even comfort- 
able in Greenland, which is assuredly quite as icy 
as ever glacial Scotland was. What caused these 
changes in climate we do not know ; and though 
the guesses have been numerous, and the theories 
many-worded, it is perhajw better to leave the 


reader for the time being in ignorance of them. 
We have seen how many remains of this glacial 
e|)och exist in our own islands, but these are dead 
witnesses. Living ones are not, however, wanting. 
On the tops of the Scottish hills, on the summits 
of the Alps, the Pyrenees, the White, and the 
Rocky Mountains — and, indeed, of all northern 
ranges at about the same altitude — are foimd what 
are known as “Alpine plants.” These are in 
reality Ai'ctic plants, remnants of the vegetation 
which during the chilly period grew in the vicinity 
of the glaciers, and which, now that they have re- 
treated to far northern latitudes, remain behind in 
tliese bleak retreats, as witnesses of that “Great 
Ice Age ” of which they were denizens. 


WHIRLPOOLS AND WHIRLWINDS. 

By William Ackroyd, Member op the Physical Society, London. 


T O hasten the solution of sugar when taking tea, 
we stir up the contents of the cup with a spoon. 
The crank-like movement of the hand gives to the 
fluid a circular motion, and we produce a small 
whirlpool within the cup. In this paper, wc pro- 
pose to deal with such whiilpools, be they small or 
gi’eat; and we shall afterwards extend our obser- 
vations to the similar atmospheric phenomena of 
whirlwinds. 

In order to see very plainly that a whirlpool is a 
body of fluid whirling round, let us take a glass 
tumbler instead of the tea-cup, and use water in- 
stead of tea. Put in little bits of coke, which by 
reason of their lightness will float on the surface, 
and then stir up again. The particles of coke career 
round and round the tumbler 
until the li(piid comes to rest. 
f \ R watch any particular 

[m ? l| I follows a course in- 

y Jr dicated by the arrows in Fig. 

1. Observe that the particle 
S when at a is moving towards 

the north Bide of the glass, and 
wito” ‘ at 5 it is going towards 

the south. The same fact we 
may state by saying that in a whirlpool the portions 
of fluid on opposite sides of the centre c are moving 
in contrary directions. 

If we imagine for a moment that our glass has 
swollen out to thousands of times its present size, 
and that one of the tiniest pieces of coke is a ship, or 



boat, in which we are borne round by the current, 
then our compass-readings would fully bear out 
what we have been now considering ; for whilst at 
one time we should be going northwards, a little 
while after our course would be due southwards. 
What we have here pictured in our minds exists in 
reality among the Loffoden Islands, off the north- 
west coast of Norway. The Malstrom is a whirl- 
pool a mile and a half across; the noise of its 
roar is heard for a great distance, and the small 
vessels that are so unfortunate as to get within its 
reach are sucked in and destroyed by the turbulent 
waters. 

The reader may likewise have heard of the 
classical whirlpool of Charybdis, in the Straits of 
Messina ; for, although far less dangerous than the 
Malstrom, it was feared exceedingly by the ancient 
mariners, who in their open ships were in great 
danger when once within its range. Appealing 
rather to theii* imaginations than to facts for the 
cause, they attributed it to the monster Charybdis, 
who was said to suck down the water thrice every 
day, and to throw it up thrice again. The true 
cause is not far to seek, for both in the case of the 
Malstrom, and in that of Charybdis, it is found in 
the contention of opposing currents of water. 

Let us now take our flight to nature’s opposite 
extreme; for we may there with a little trouble find 
whirlpools that are only one thomcmdih part of a/n 
inch across ! 

Attached to some fresh-water plants there is found 
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a very small animal^ called by naturalists VorticelHa. 
or the bell-ammcUcule, To make out its form one re- 
quires a good microscope, and it is then found to be 
like a bell, with a long, flexible, and contractile 
handle. Around the rim of the bell it sends out very 
minute thread-like processes, which it lashes vigor- 
ously backwards and forwards, producing by those 
movements the minute whirlpools we have just 
mentioned. 

Fig. 2 gives some idea of this phenomenon. 
The observer sees small particles rusliing towards 
the top of the vorticella ; they arc bent out of their 
course, and spin rapidly round . on one side in the 



Pig. 2. — ^Tho VortxceUa or Bell- Animalcule, producing Whirlpools. 


direction of the hands of a watch, as at « ; and on 
the other side in the oj)posite dii*ection, as at b. 

The tea-cup whirlpool is three thousand times 
wider than one of these, and the Malstrdm sixty- 
three million times ; yet these vorticella eddies arc 
as perfect as either, the small food-particles which 
the animalcule is eager to got dashing round and 
round with as much uniformity as the bits of coke 
in our tumbler experiment. Nature's operations on 
the small scale are truly as marvellous as those on 
the large. 

We may now pass to the consideration of whirl- 
winds — phenomena identical with those of whirl- 
pools, but much more striking because of the greater 
mobility of air. 

The main features of a whirl\vdnd may be readily 
seen. We are out for a walk, and find ourselves 
on a dry and dusty road. A sudden gust of wind 
raises a dust-cloud near us. We plainly see the 

6a 


dust wlurling round like the bits of coke in our 
tumbler experiment ; but they are also borne along 
— they have, in short, a progressive movement 
This, no doubt, has often been the reader's expe- 
rience. The whirlwind characteristics, which he 
now recognises, are seen more strikingly still in the 
dust- whirl winds of India, which have been minutely 
described by Dr. Baddeley. With a very short 
warning, the storm bursts upon the observer 



Everything is soon enveloped in darkness, and an 
enormous quantity of dust is sent up into the 
atmos])here. This is at times broken nj) into dis- 
tinct columns, which rotate on their axes, and at 
tlie same time move o^ er tlio gi’ound. Fig. 3 repre- 
sents such a column moving in the course indicated 
by the great arrow, and wliiiliiig round in the direc- 
tion of the small ones — /.c., in a direction contrary 
to that of tlie hands of a watch. The peculiarities 
of tlieir motion will be well grasped by a moment's 
study of a peg-top. Tlie top wlien hurled from the 
hand whirls round with 
groat speed, and at the 
same time it has a motion 
of progression or transla- 
tion, for it changes its 
place on the ground. Its 
movements may thus be 
graphically represented. 

If it starts at 1, it suc- 
cessively gains the posi- 
tions 2, 3, 4, 5, and 6 (Fig. 

4), all the time spinning Pig. i.~Dia«Tiiin iUnstratiiig tne 
round with great speed. 

So likewise with the dust- whirlwind : whilst it 
rajiidly rotates, it also gets over the ground. 

In the Mississippi valley, whirlwinds are very 
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destructive : all along their paths the trees are felled 
as if an army of wood-cutters had been at work for 
many weeks. Maury remarks on this particular 
point : — “ I have seen trees three or four feet in 
diameter torn uj) by the roots, and the top, with its 
limbs, lying next the hole whence the roots avmeJ* 
The same author fm-ther observes that the track of 
these tornadoes is seldom more than a few hundred 
yards broad. When we consider that in other i)arta 
of the world there are storms of a similar nature, 
which are as many hundred miles broad, their 
ravages on land and sea must be simply api)aUing. 
A stonn of this kind, proceeding from the sea to 
the land, carries with it an irresistible storm- wave. 
Such a misfortune befel Lower Bengal in November, 
1876. The islands at the mouth of the Megna 
were flooded to a depth varying between ten and 
forty-five feet, houses, trees, and human beings being 
swept away. In the districts of (liittagong, Noak- 
holly, and Backergunj about 100,000 ])ersons were 
drowned ! 

By the long-continued researches of many ob- 
servers, it has been made out that the progressive 
motion of these dreadful whirlwinds or “cyclones’’ 
is a very leisurely one, being at the rate of two to 
thirty miles per hour, whilst the speed of rotation 
may attain to 100 miles i)er liour. The diagram 
we have already given to ilhistrato peg-top motion 
(Fig. 4) will likewise an.sw<*r our jairpose for 
cyclones, for they are essentially large bodies of air 
with the peg-top’s rotation and progression on a 
greatly magnified scale. 

Wo have already explained that jiarticles on 
opposite sides of the centre of a rotating system 
are moving in contrary directions ; the following 
[ieculiarity of cyclones will, therefore, be T'oadily 
understood. When the centre of a cyclone travels 
over any particular place, there is a short lull, and 
the wind, which i)reviou8ly was tearing along in 
one direction, shortly blows in the directly opposite 
one. Suppose for a moment that Fig. 1 represents 
a cyclone whirling round in the direction of the 
arrows, and at the same time moving towards 
where an observer is stationed. As the centre 
approaches d, the first thing noticed is the due 
northerly direction of the hurricane ; but when the 
centre has passed this point, the storm is observed 
to blow just in the contrary way. 

The next phenomenon we have to study is a very 
interesting one, and is at the present time occupying 
much of the attention of scientific men. Conceive 
of a number of small whirlwinds being placed end 
to end, so as to form a ring of them — say, for 


example, four like a 6 in Fig. 5. Such a combina- 
tion has some very curious properties. 

The reader may readily make such rings, and 
trace their motion, by means of smoke. They are 
known as “ vortex-rings.” Take a cylindrical 
canister, say a clean lobster or mackerel tin. Get 
the tinker to punch a round hole just in the middle, 
and one-third of an 
inch in diameter. 

Now over the 
other end, which 
of course is quite 
open, tie a sheet of 
wTiting-pa|ier. It a 
must bo tight, and 
as much like the 
face of a drum as 
jmssiblc. If smoul- 
dering brown j)aper 
be now platjed 
within the tin, through the round aj)crture, it soon 
fills with smoke, and to produce rings it is only 
necessary to tap the paper end gently, when 
smoke-rings will issue with a sj)eed proportionate 
to the streugtli of the tap (Fig. 6). 

If the rotuler is desirous of making smoke-rings 
on a Inrgt' scale — as, for example, to sliow to an 
audience — let him j)rocurc a tea chest. A round 
hole must be cut into the side opposite the open 
end, and over the latter a piece of canvas should be 
neatly nailed. Smoke is now rccpiired, and perhaps 
the readiest method of making it is the following ; 

O 

VO 



Fig. 6,— Small Vortex-Box. 


Into one of the sides bore a couple of holes, just 
lai'ge enough to admit the insertion of two small 
glass retorts. Into one place hydrochloric acid, 
and into the other a* solution of ammonia. Now 
heat the retorts with a spirit-lamp, or some other 
heat-sonrce. The box becomes full of smoke of 
ammonic chloride — ^the chemical substance which 


& 
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results from the mixture; and if the canvas be 
struck with the hand, large and beautiful rings issue 
from the round aperture. 

We now possess a scientific instmment with 
which we can produce a certain phenomenon at 
pleasure — always a gieat step in the progress of 
discovery. Raleigh, as well as modem smokers, may 
have seen smoke-rings now and again issue from the 
bowl of his pipe, or originate from a pufl' sent out 
of his mouth ; but such accidental phenomena take 




Fig. 7 — Tait’B Vortex-Box. 


one by surprise, and wc scarcely know whence they 
come, and much less liow they are produced. The 
veiy important stej) of making a piece of apparatus 
that would produce the jdienomenon when wanted 
was first taken by Professor Tait. His apparatus 
is essentially that just described and figui'ed 
(Fig. 7). 

Having made the api)aratus we have descrihed, 
the reader would do well now to exj^eriment on 
the nature of these smoke-rings. 

The first thing noticeable is the motion of the 
smoke-particlcs wliich constitute the 
ring. Fig. 5 would make this 
plain ; but to be more explicit still, 
imagine that one of these rings is 
cut in two — it would present the 
appearance given in Fig. 8. 

Two sections of the ring would 
be exposed to view, as at a and 6. 
Now, supposing tlio ring is moving 
in the direction of the great arrow, 
then the smoke-particles at h would 
be seen to move in the direction of 
the hands of a watch, and those at 
g. 8.-~imagmaxy contrary way. 

a Vor. effect of making 

one smoke-ring collide against 
another. Often they will bo shattered, but under 
&vourable conditions tliey will act like rings of 
«ome elastic msiterial, ^uncing and vibrating 
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like indiarubber rings. When all the smoko is 
exhausted, turn the mouth of the box towards 
your face ; a strong puff of air will l>e felt 
after each tap, showing Wxth what energy even 
sniall compound whiiiwiuds force themselves along 
their paths. 

After what we have said on the points of corre- 
spondence between whirl i)ools and whirlwinds, the 
imder will not be surprised — ^nay, he may even 
cxj)ect — to be told that there are compound whirl- 
pools. Such is the case ; and they ai*c even more 
easily made than the smoke-rings we have described. 
Have a glass of clean water before you, and dip the 
handle of your pen 
into some milk. Tlie 
drop of milk that 
forms at the end 
of it must now bo 
brought over the 
water and allowed 
to very nearly graze 
its suiface. Wlien 
it falls, a beautiful 
white ring is pro- 
duced in the water, 
which will at once Vortox.Emg- 

travel towards tbe bottom. Long before the bot- 
tom is reached, however, this first-formed ring 
gives lise to tlu*oe or four others, which in their 
turn produce more rings, so that there is soon 
quite a system of them moving in one direction* 
Much of what we know resiiecting this }>oautifuI 
phenomenon is duo to the researches of Mr. 
Deacon. 

Thus far, then, we have seen that the whirling 
motion of liquids like water, and of gases like 
air, are the exact counterparts of each other; 
for whirlpools are of the same nature as whirl- 
winds. We have likewise seen that their ling- 
like combinations, such as the smoke-ring on the 
one hand and the milk-ring on the other, ore per- 
fectly similar. The scientific man therefore places 
these phenomena under one head — that of vortex 
motion. 

We shall now conclude by pointing out the 
modem theoretical bearing of the facts the reader 
has become acquainted with. We may all see the 
Malstrdm by taking a trip to the Loffoden Islands; 
but the vorticella eddy was invisible until special 
means were invented for magnifying small objects. 
Now, just as vortices exist that cannot be seen by 
the naked eye, so may vortices exist that the 
finest microscope is |K>werless to reveal On this 
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assumption, and bearing likewise in mind the 
j>6culiar properties of vortex-rings, there are philo- 
soplnu’s who have gone so far as to suppose that 
the ultimate parts of matter which chemists call 


atoms, are but infinitesimally small vortex-rincrs of 
a very peculiar fluid. Such is Thomson's theory 
of vortex-atoma — destined, it is thought, to play a 
great part in the science of the future. 


HOW ELECTRICITY IS PRODUCED. 

By TiiKiT. Bkadley A. Fiskk, TT.S. Navy. 


T he ancients knew that if amber and jet were 
briskly rubbed, they would attract light 
bodies ; but so fu* as our ]»resent iiiforniation gO(‘S, 
this was all that tluy did know about electricity. 
This seems to have been the limit of know- 
ledge for two thousand years, until Dr. Gilbert, 
in 1600, announced that numerous other sub- 
stances could do exactly the same thing, among 
them such common substances as glass, sulphur, 
and sealing-wax. Dr. Gilbert’s interesting dis- 
covery naturally attracted some little attention, 
and experiments were made in a small way, such 
as shown in Fig. 1, in which a rod of glass that 
has been rubbed is shown in th(‘ act of attracting 
a light pith ball ; but soon some one found that if 

the ball were al- 
lowed to touch the 
rod, it vould not 
only cease to be at- 
tracted, but would 
actually dart away 
from it, as if actu- 
ated by some unseen 
but j)owei'ful repel- 
ling force. This 
most remarkable 
performance of 
course occasioned 
great astonishment, 
and further experi- 
ments were made to try to unravel the secret. At 
length it was noticed that repulsion took place be- 
tween certain rubbed bo<lies, even if they had not 
touched each other, especially in the case of two 
Imdies of the same material, like gloss, that had 
both been rubbed by the same substance. Further 
thought and experiment developed the fact that 
there were two opposite conditions evoked in rubbed 
bodies, and tliat two bodies which had the same 
condition evoked in them repelled each other. 


while two boilies which liad opposite conditions 
evokf^d in tliem attracted each other. To these 
conditions the arbitrary names of ‘‘positive” and 
“ negative ” electricity were given. 

This led the wjiy to the furtluT discovery that 
when any two bodies were rubbed together, one 
had positive electricity developed in it, and the 
other negative, ihit in order to show this, it was 
found necessary to support one of tlie things 
rubbed on glass or sulphur or india-rubber, and 
this precaution was especially nee(»ssary in the 
case of metals. For a long while the reason was 
not understood, for it seemed unexplainable tliat 
if fur ^^c^e rubbed on bniss lield in the hand, 
the fur alone would show signs of electricity ; 
wliereas if the brass were supported by glass or 
rubber, it also would lx* electrified. At length, 
however, some bright mind gras])ed the idea that 
the gloss or india-rubber prevented the electricity 
developed on tlie brass from getting away ; and 
experiments in this direction ])roved fully and 
conclusively that tliere were two diflbreiit classes 
of substances — one which allowed electricity to 
escape, and the other which did not; and the 
names of “ conductors ” and “ non-conductors ” were 
ultimately given to these two classes. The metals 
belonged to the first class, and glass, india-rubber, 
wax, sulphur, and air to the second ; while mid- 
way between stood a long array of substances 
like wood, i)aper, and cotton, wliich were eventually 
called “partial conductors.” 

The interest of learned men was now aroused to 
some extent, and the ende#ivour was made to get 
electrical effects upon a large scale. Otto Von 
Guericke is credited with having been the first to 
bring mechanical ingenuity to the production of 
electrical effects, he having made a machine, com- 
prising a globe of sulphur mounted on a spindle, 
which was made to revolve while he pressed his 
hands on the rotating globa This crude but 
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Pig. 1.— Electrical Attraction. 
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e6rective apparatus was iiuproved by Sir Isaac 
Newton and others, and towards the latter end 
of the eighteenth century we find experimenters 
using large plates of glass, revolved between 
rubl)ers by moans of a crank. Positive electricity 
was produced on the glass, and if the machine 
wei’e connected to any point by a wire of con- 
ducting substance, the electricity would flow off; 
so that, if the supply to the wire were maintained 
by the revolution of the plate, a steady flow of 
electricity would pass along the wire. To this flow 
of electricity the term “ current ” came eventually 
to be ap[)lied. 

We now see tho learn('d interested in a lazy 
way in the study of electricity, but not taking 
more than a scientiflc concern in what sccme<l 
pretty and amusing phenomena. It appeared 
pleasant enough to make machines to produce 
clccti’icity, but tlicro was a gn*at deal of exertion 
recpiircd to get a wry small amount, an<l the 
electricity did not seem to be of any use after it 
had beiai got. One day, howevei’, a i>rofcssor 
named (xalvani was pri'paring some frogs’ legs for 
expeiimcnt before his class of students, in orden* to 
show them the curious fact 
that if electricity were sent 
throngli the frog’s leg from 
ail electric niacliine, the leg 
would make a convulsive 
kick ; wh(*n, to his amaze- 
incut, th<* frog’s h'g made 
the kick without the action 
or even the presence of th(‘ 
machine ! Perplexed be- 
\ond measure, lie ondea 
\oured to reproduce this 
action, and tinally was able 
to do so ; and at length he 
found that the kick could 
be made to occur every 
time that he touched the 
nerve of the frog with one 
metal and tho correspond- 
ing muscle with another, 
if he at the same time 
touched the outer ends of 
the two pieces of metal to- 
gether. Galvani imagined 
that the motion was due to electricity produced 
in the frog’s leg ; but Volta, another professor, 
declared that the electricity was due simply 
to the contact of the two dissimilar metals. 
Eventually Volta’s view was proved to be the 


correct one, and it soon led to important 
results. 

Volta, in supiiort of his theory, produced what 
was, and is still, called ‘‘Voita’s pile,” in which 
the iuiportance and future usefulness of the new 
discovery were shadowed forth. The pile consisted 
simply, as shown in Fig. 2, of alternate pi(*ces of 
zinc and copper lield in contact with each other, 
and separated from a similar pair of metals by a 
piece of moist flannel or 
blotting-paper, which were 
separated in turn in the 
same way from another 
pair, there being a disc of 
zinc at one end of the 
completed pih* and a disc 
of copper at the other end. 

If the two ends were con- 
nected by a wire, a ooiitiiiu- 
ous flow of electricity w^as 
found to pass along the 
wire. Volta soon invented 
an improveuHuit on bis 
pile, in which separate 
plates of zijic an»l eoppor, 
such as an‘ shown in Fig. .*1, stood in a solution of 
dilute acid. A V(‘ry considerahh' tJow or cunxuit 
of electricity was found to travTise a wire con- 
necting the two metals outside of the liipiid, 
and the amount and intensity of tliis current 
could ho incrcaseAl by tin* simj)lo (‘X])edient of 
increasing tlie imnibtu* and size of th(‘ v(‘ss(*ls and 
the piec(‘s of metal. ’Diis device — the jar con- 
taining two metals, zinc and copjK‘r, in ililuto acid 

is called the simple Voltaic C'ell, in honour of its 
inventor, and in many modified forms it is found 
doing useful work all over the world to-day. 

The necessity for modifying and improving 
the simple Voltaic cell lay in the fact that, 
though it gave a very strong current at tin* tirst, 
the current rajiidly decreased, and soon fell away 
to almost nothing. The cause of this trouble was 
that the current went through the ceW itself 
(see Fig. 3) as well as tho outside wire ; and, in 
so going through, it split up the acid into its com- 
ponent ])arts — one of these parts, tho hydrogen, 
going to the copper plate, and forming thereon a 
thin layer, which prevented the copper from 
acting in its proper capacity. The reuiedy, there- 
fore, was eitlier to prevent tho formation of 
hydrogen on the copper, or else to absorb it as 
fast as formed, and prevent its accumulation. 
Numberless were the cells (or batteries) invented 



Pig. 2.-Volta*B PUe. 



Fig. 3.- -Tho Voltaic Coll. 
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which acooTTiplished the object modei’ately well. 
Of these one very largely used in all countries is 
the Le Clanch6. In this cell a rod of zinc stands 
in a solution of sal-ammoniac, and also standing in 
the liquid is a porous pot which contains a block 
of carbon surrounded by a considerable amount 
of binoxido of manganese. The carbon has been 
found to do just as well as copper in a cell, and the 
solution of sal - aniinoiiiac is very eflectivo in 
place of the more troublesome acid ; while the 
binoxido of manganese is so rich in oxygen that it 
intercepts the hydrogen as it goes towards the 
carbon and absorbs it ; that is to say, it absorbs it 
if tho hydrogen be not generated too fast. But 
hydrogen is evolvt^d by this cell rather faster than 
it can be absorbed, and tlie consequence is a gradual 
accumulation of hydrogen on the carbon plate, 
which will remain there until the battery is allowed 
to rest. It is because this battery requires long 
and frequent rests^ that we find it used principally 
where the work is intermittent, not continuous. 

Wo usually sec in telegraph offices a battery 
called, from its inventor, the ‘‘ Daniell battery. 
This contains a strip of zinc in a solution of dilute 
acid, and a strip of copper in a porous pot, which 
stands in the acid, and wdiich holds, besides the 
copper, a strong solution of sulphate of co})t»er 
— some crystals of the sulphate being also held in 
a little siueer on the rod supi)oi*ting the coi>per, 
so as to maintain the strengtli of tho solution. 
The action of this battery is quite simple ; tlie 
sulphate of copper intercepting the hydrogen in 
its journey to the copper plate, and absorbing it 
as fast as it arises ; so that no matter how long or 
how hard the battery is worked, no hydrogen can 
accumulate until the battery is exhausted. Scores 
of other batteries are in use, but they are mostly 
similar in jirinciple to either the Le Clanche or the 
Daniell, differing mainly in the fluid used, or 
details of consiiuction, adapting them to specific 
purposes. Such are the Gravity, the Grove, the 
Bunsen, tho Upward, 
the SchanschiefF, and the 
chromic acid batteries, 
w’hich lack of space for- 
bids describing here. 

The attention of phy- 
sicists was occupied with 
the Voltaic battery, and 
with means for utilising it, for about sixty years ; 
tho most important discovery during this interval 
being that of Arago and of Davy, who discovered 
independently that if a current of electiicity wei’e 


sent around a bar of iron, as indicated in Fig. 4, 
the bar became a magnet, with a north j>ole at one 
end, and a south pole at the other end. To a magnet 
thus made, they gave the name “electromagnet.” 
The invention of the electric light and the electric 
engine followed, and many and very costly experi- 
ments were made in the endeavour to use Voltaic 
batteries to run them. In fact, the early deve- 
lopment of the electric light was accomplished 
entirely by the Voltaic battery, while Jacobi pro- 
pelled a boat, and Page ran a train, by electric 
engines, using Voltaic batteries alone. But it was 
soon found that the cost of getting light or motion 
in this way was too enormous to bo commercially 
successful. 

In 1831, howevcT, Faraday made the historical 
discovery that electricity can be produced without 
a Voltaic battery, or the 
use of any chemicals what- 
ever, by simply moving a 
magnet in the vicinity of 
a coil of wire, or by 
moving a coil of ware in 
the vicinity of a magnet. 

Thus, in Fig. 5, when the 
magnet A B is plunged into 
the hollow of tlie coil of 
wire, a current is pro- 
duced in the wirey/', and 
another current in the con- 
trary direction when the 
magnet is withdrawn ; ex- 
actly similar effects being pro<]uc(‘d if the coil 
is moved instead, so as to come over and cover 
the niaguet. A discovery so sinqde and so sig- 
nificant commanded the attention of all who were 
interested in electricity in the remotest degree. 
Not only pure scientists, but practical men were 
attracted ; for if electricity could he got simply by 
the relative motion of magnets and coils of wire, 
it could he obtained in as large quantities as 
desired by simply using a steam engine pow'erful 
enough to keep the apparatus in motion. 

For the next thirty-nine years inventors were 
busy in devising apparatus for obtaining the re- 
lative motion of coils and magnets. At the end 
of this period a lai^ge number of machines were in 
use, their field being almost entirely the runnuig 
of electric lights for light-houses. The best of 
them was probably what is now called the old 
Siemens machine, the pnnciple of which is shown 
in Figs. 6, 7, 8. In this machine a coil of wire 
was wound in a longitudinal groove (o, Fig. 6) out 
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around a soft iron cylinder, the wound cylinder (6) 
being mounted in journals, so as to be revolved 




rapidly between the poles of powerful magnets 
(Fig. 7). Tlie piinciplo can bo liettei understood, 



1 ipf 7 — Ai mature betw< en P jlea 


pel haps if w( look at Fig 8, whuli shows m 
diaguini tin north .uul south polos (N and fe) of 


constant , because at those instants when the cur* 
rent in the coil changes in direction, the half- 
bleeves in tei change brushes, so that each brush 
always receives the current^ m the same direction 
Such an apparatus is called a commutator, and 
for obvious Kasons some form of commutator, to 
tuin all the reversing ciments into one duection, 
IS necessaiy m nearly all magneto electric machinea 
This machine in vauous modified forms was 
laigely used all ovei Europe, but in 1870 a 
Freuchinan, named Gnunine, made an im})iovement 
m it, so great and complete as to give a sudden 
and strong impulse to the ii&ing sciemc of 
electric engineering, which is still powei fully fflt 
It will bo readily undei stood that in the old 
Siemens maclimc, in whicli only a single coil le- 
volvcd, no matter how” fast the arinatuio was 
turned, a throbbing cuiient must have resulted 
Gramme tonccived the idea that if, instead of one 
coil, he could manage to use two, four, or even a 
very much greater number of coils, and so aiiange 
these colls tliat the^ would anivc at any given 
position at di fit Hilt times, he would then get a 
much moie legulai curient As the outtomo of 
his labours, he finally pioduced the uiathme bhowu 
in Fig 9, in which the single coil was leplictd by 





Fig 8 of Siemens Armatnii 

the magnets, and the coil i evolving between them 
The ends of the coil aie connected to two half 
sleeves on tho spindle, and on these two half-sle 
press two stationaiy brass strips, cilled 
“ blushes, which aie connected to the 
wire of the outside ciicuit The move 
ment of the coil towards and away from | 
the magnet j>oles pioducos currents which 
change in dii ection twice each revolution 
— at such times as the coil ceases to 
ajifiroach a magnet pole and begins to 
recede, and vicp versdL These alternating 
currents pass to the two metal half- 
sleeves on the spindle, thence to the brass 
bnishes, and thence to the outside wire 
which feeds the electric light or engine 
But the current is not alternating in 
direction in the outside wire ; it is 


a great numbei, which w^eie wound sejiaiately 
aiouud a iiug, as shown m Fig 10, the sections 
being connected together all aiouucl the iiug, and 










Fig 9 Generator fot Lighting 
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also connected to a number of narrow segments 
secured to tlie axle and pressed upon by two 
brushes attached to the outside wiies. In this 
machine, as will be seen, the action of each sepaiate 



-Tlio Granim#» King 


coil was nnicli like that of the single coil in the 
Siemens machine ; but as at the time when 
the throb produced by one coil was dying away, 
the throb produced by another would be in- 
creasing, the outside cm rent was practically con- 
tinuous 

The firm of Siemens and Co. were quick to note 
the important improvement made by Giamme, and 
divining the fact that the ring of Gramme had 
little to do with it, but was simply a contrivance to 
wind a great number of separate coils upon, they 
set to work and soon produced the machine shown 
in Fig. 11, called now the new Siemens machine. 


In tliis, tlie multiplied coils and their connection 
to brass segments on the axle were virtually the 
same as in Gramme s machine ; but they used a 
long (Imm instead of a ring to wind their coils 


upon, and each single coil more resembled in action 
that shown in Fig. 8. 

All over the world we now find the Gramme and 
tlio new Siemens machines used, though in vanous 
modified forms; the modidcatious in most cases 
being so extiemely slight as to be practically ex- 
cuses for obtaining specific patents. Some dynamos, 
however, like the Brush machine, and the Thomson- 
Houston machine, have original points which want 
of space forbids our attempting to explain ; these 
])oiiits mostly consisting in the mode of winding 
and connecting the coils, or the disposition of the 
magnets. Continuous current dynamos are almost 
universal in America, but in Europe is still em- 
ployed another kind of machine, called the “ alter- 
nating current machine,*’ in which no attempt is 
made to get a continuous current, the current 
changing in direction, or alternating, as deliveied 
from the coils. These alternations, however, are 
made to succeed each other so many times per 
second that the eye cannot detect them, and the 
light produced appears absolutely steady to the 
most practised obseiver. 

Permanent magnets are seldom used in the^e 
machines, but the electric currcuit from the machine 
itself is led round large field-magnets of iron, so as 
to convert them into elect lo- magnets of enormous 
power. There is a small amount of residual mag- 
netism in these iron magnets, which 
sulhccs to start a small current; and 
this rapidly exalts the magnetism, 
wliich again exalts the current, so that 
in a few moments the machine is in 
full action, though it starts with very 
little magnetic power. 

It will be noted that no design Las 
been sjioken of as yet by wliich elec- 
tricity can be got from a machine, 
excei)t during the time the machine 
is absolutely running ; for it is evident 
that as soon as a machine stops, the 
relative motion of magnets and coils 
stops, and therefore the current stops. 
Many methods have presented them- 
selves by which electricity could be 
utilised if the machine could bo got 
nd of, for it is impracticable in very 
many i)laces to use a steam engine and 
an electric machine to produce the cur- 
rent. For this reason electricians have been at 
work for years to produce something which would 
store up electricity and return it at once when 
demanded, and in 1860 Gaston Plants invented 
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what is sometimes called a ** storage battery.” In 
this device two plates of zinc^ separated from each 
other, are wrapped into a cylinder, and this cylinder 
is put into a jar containing a liquid. The liquid is 
diluted acid, and we see at once a resemblance to 
the simple Voltaic cell ; but since both j)lates are 
similar and not dissimilar metals, it produces no 
current. Plant6 found, however, that if the two 
plates were connected to an electrical apparatus and 
a current were forced through the liquid, the effect 
of the current on the plates was such as to cover 
one plate with peroxide of lead, while the other 
plate remained pure lead, so that they became 
virtually plates of dissimilar metals, and could 
therefore 2 )roduce a current just like a Voltaic cell. 

It is apparent on its face that the name ‘‘storage 
battery,” popularly given to this battery, is improper, 
because nothing is stored in it. The outside 
current simply forms a Voltaic cell composed of a 
plate of peroxide of lead and a jdate of jmrc 
lead standing in dilute acid ; so that the scientific 
name of “ secondaiy ” battery is clearly preferable. 
The current given off by the second battery 
is reverse in direction to the outside or forming 
current, and it is observ('d to be accompanied by a 
change in the plates, both plates becoming coated 
with the monoxide of lead ; the current ceasing as 
soon as the two plates become exactly similar, so 
that it is then necessary to re-charge the cell from 
an outside cun’eiit. Before the cell could be n)ade 
to furnish a current for more than jbl very short 
time, Plante had to charge and re-charge it a 
great number of times, the operation requiring 
several months. To hasten it, Camille Faurc 
about 1881 conceived the idea of giving both plates 
a coating of rod load, which is in itself an oxide 
of lead, and this was found to cxi)edite the oi)era- 
tion considerably. A tremendous activity in 
secondary battery invention followed the announce- 
ment of this discovery. Great was the enthusiasm 
for a while, until it came to be discovered that 
these batteries had tremendous faults; one l^ing 
that the weight of each battery was altogether 
out of proimrtion to the work it could do, and 
another being that the plates, if made with thick 
layers on the outside, so as to give a current for 
a long time, would crack and break up on the 
first opportunity and become absolutely worthless. 
These difficulties being, however, purely of a 
practical or mechanical nature, the secondary bat- 
tery has been slowly but surely improving, and 
is gradually coming into use for a numljer of pur- 
poses, such as working electric engines for street 
7a 


cars, and running electric lights in places where 
it would not be convenient to run a dynamo 
continuously. 

It cannot fail to have arSfested the attention of 
the reader that, although the discovery of Faraday 
rendered possible the invention of machines which 
were a great improvement over Voltaic batteries, 
yet nevertheless the modem electric machine 
still necessitates tremendous loss of energy. 
In the first place we find that we have to 
burn coal in a furnace, then we have to apply 
the heat of the burning coal under a properly 
designed boiler containing water, and convert 
the water into steam. Then we have to lead 
this steam to an engine, and convert the energy 
of the steam into the mechanical energy of 
motion in the engine ; then we have to connect the 
engine to a dynamo, and convert the mechanical 
energy into electrical energy. Thus we have four 


// 



Fig. 12.— Seeliock'B Apparatus 


distinct operations, each one entailing great loss, 
so that we get only one-tenth, at the most, of the 
energy of the burning coal as electricity. For this 
reason physicists have long been trying to get 
electricity from heat direct. To see that this 
attempt is not an idle or chance attempt, let us 
remember that Seebeck found that if a bent piece 
of copper (k)y shown in Fig. 12, bo made to rest 
on a piece of bismuth (a b), and one junction of the 
two metals be heated, while the other is kept cool, 
a cun*ent of electricity will flow along the copper, 
as will be shown by the deflection of a magnetic 
needle (sn) placed between. Taking this as a 
stai’ting-point, inventors have tried all sorts of 
.contrivances for heating junctions between pairs 
of metals, but they have not as yet attained 
any very gi’eat success. Promising results have, 
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however, been obtained, the best, perhaps, being 
with the apparatus shown in Fig. 13. p p represent 
a number of iron sheets folded and fastened at both 
ends to large blocks of alloy, a, their outer folds 
projecting considerably, as shown. The inner 
junctions fonn a central flue, which is heated by a 
lire, and the outer ends of the iron sheets are made 
large, so os to radiate heat well and keep the outer 



Pig. 13 — Clainonds Tbermo-Pile 


junctions cool. Fig. 14 ropi'esents a large number 
of these mounted so as to form a pile The hot 
products of combustion heat the inner junctions, 
I ass up the passage t, down o and up p, and 
thence rise up the chimney. It is said that one 
of these piles has produced a current of electricity 
sufficient to maintain a light of considerable power. 

Edison has lately announced the invention ot 
what he calls a Pyro-Magnetic Dynamo,” which 
dejTends on the pnnciple that iron when heated to a 
certain point ceases to be magnetic. Though not 


new in design, nor as yet cflicient in operation, the 
fact that Mr. Edison has attacked the problem in 
this way, is an indication that we may at least look 
in this direction for interesting results. In fact, 
though the production of electricity by heat alone 
cannot be said yet to have reached a practicable 
point, yet progress in this direction, though slow, 
seems sure. Such dii*ect production of electricity is 



Pig 14 —Arrangement of Clamond’s Pile. 


the great thing now looked for by ph} sicists in every 
direction, and there arc a thousand men labouring 
to achieve it. The probabilities seem to bo that it 
will ultimately be achieved, and the benefit to the 
world will be boundless in magnitude and importance. 


THE CHEMISTRY OF A BREWER^S VAT. 

B\ W. B. Ferguson, BA, Chiust Ciurch, Oxford. 

T he appearance of a brewer’s fermenting-vat in Now, let us try to learn as much as we can about 
full work is at the same time striking and beau- fermentation without going too deeply into those 

tiful. At the beginning of the forjnentation, the parts of science which are unfamiliar to the general 

whole surface is covered with a thick, light cream- reader. 

coloured foam, which by degrees curls itself into When any liquid containing grape-sugar — such 
wild, jagged little j>eaks of almost snowy white- as the sweet juice of fniits, the extract of malt, or 

ness, many of them twisted into the most fantastic a mixture of treacle and water — is left exposed to 

forms. As the fermentation approaches completion, the air and undisturbed at a temperature of about 
the yeast loses its uneven surface, and settles down 60® Fahr., it becomes turbid in the course of a 
to a fine thick, buff-coloured scum. few hours, and, after a short time, a scum rises to 
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the surface, a sedunent falls to the bottom of the 
liquid, and bubbles of gas are given off, producing 
an appearance of boiling, from which the name 
fermentation (from the Latin, ferveoy to boil) is 
given to the process. These bubbles of gas continue 
to be given off for three or four days, or even longer, 
the time depending on the temperature, the compo- 
sition of the liquid, and other similar circumstances. 
When the bubbles cease to ap|)ear, the liquid be- 
comes clear, and is found to have lost its sweet 
taste, to have gained a spirituous one, and to have 
acquii^ intoxicating properties. The scum — or 
yeast, as it is called — which has been produced 
during the fermentation, when introduced into 
sugar-containing li(juids, causes them to ferment 
much more raj)idly than they would do if simply 
exposed to the air. 

Such ai-e the easily -observed facts of fermentation. 
Let us now examine the ])roces& moi’e in detail. 
First, as to the sul)stan(*e which forma the scum or 
sediment in fermenting liquids, and is known by 
the general name of yeast. To the unaided eye, 
yeast ap]>ears to be a ytdlowish mud or froth ; but 
on examining a very nunutu pai-ticle of yeast under 
a microscope of high power, we find that it consists 
of slightly yellowish grains iioating in a clear liquid. 
Some of these grains dont alone, others are united 
in branching chains of sevorid individuals, varying 
slightly in size, those in the centre of the chain 
being geneniUy the hu’ger, and the average size 
across of the gi-ains ]K*iiig about pai-tof an 

inch. 


On carefully examining one of these yeast-grains — 
or cells, as they ax’e more properly called — we shall 
find that it consists of a little bag or sac, made of 
the same colourless, tmiisparont substance which 
forms the fibrous matter of wood (a). Tliis bag con- 
B tains a jelly-like sub- 



Fig. l,~l>iagraxn showing the Con- 
etrnotion of a Yeast-Cell. 


stance known as jyro- 
toplmm (b), and inside 
the jelly are one or 
two clear spaces (c). 
When the yeast-coils 
are examined under a 
microscope of high 
power, we see inside 
many of these clear 
spaces one or two 
little rounded bodies, 


whidh appear in continual motion (d). 

Fig. 1 is a diagram showing the construction of 


one of these yeast-cells on a large scale ; while in 
2 are drawings of various yeast-cells as seen 


with a high power of the microscope by adding a 
little solution of magenta to the yeast, the proto- 
plasm alone will 
be stained, and the 
details thus be ren- 
dered more easily 
observable (Fig, 

2, A.) 

Now, all these 
cells ai’e alive, and 
grow, and are 
caimble of repro- 
ducing themselves. 

This mnv nh ^ig. 2.- YoaBt-Ccllfl under the Microscope. 

xms we may OO- yt-ant-OllR at rest, one with Uo 

Horm if n V.i(uolo»; (B) Ohfilu of Yca«t-r<*ll8 produced bjr 

serv e ll we place a ; ( 0 l yoast-Oclls containing Spores. 

few yeast-cells in a 

few ilrops of an easily fermentable liquid, and con- 
tinue their examination with the microscope; we 
find that each yeast-cell begins to give out one or two 
little prominences from its side ; that these grow 
larger by dcgi'ees, and into them i>art of the contents 
of the parent cell flow, leaving an empty space or 
vacuole in the parent cell. These little prominencos 
or buds when full-grown Bjilit ofl: from the sides 
of the parent cell — generally, however, not kffore 
they themselves have given rise to buds, and these 
in turn to othei*s (as in B, Fig. 2) — thus forming 
brnnehing chains of linked cells. Tlie original 
parent cell, after liaving given rise to several 
generations of buds, dies and bursts, its contents 
mixing with the liquid. 

Multi])lication by budding, as described above, 
takes place whenever the yeast-cells are in contact 
with a liquid that easily undergoes fermentation. 
When such is not the case, the multiplication takes 
place by small cells (spores) forming themselves in the 
interior of a yeast-ccll, and being finally set free by 
the bursting of the sac of the parent cell (Fig. 2, c). 

M. Engel gave in 1872 an account of his method 
of investigating this reproduction by s|K)res. He 
took some fresh brewer’s-yeaiit, and well washed it 
several times with distilled water, in order to take 
away from it all traces of fermentable liquid. The 
purified yeast was then spread in a thin film on 
a plate of plaster of Paris, which was kept well 
moistened with distilled water, and protected by a 
glass cover from the dust. 

This film of yeast was examined from time to 
time with the microscope, and M. Engel noticed 
that while most of the old and full-grown yeast-cells 
died and broke up, the smaller ones grew latger, 

^ Powell and Lealand, fitted with objeot-glaas of fr inch fooal 
length# 
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and appeared filled with a clear jelly. In a short 
time, however, two, three, or four sj)ots appeared in 
the midst of the contained jelly, which gradually 
became granulated round them, and in about twenty- 
four hours eacli of these spots had developed into a 
complete cell or spore, and the group of two, three, 
or four spores was finally set free by the bursting 
of the coating of the parent cell. These spores 
remain fixed together for some time, and when 
introduced into a fermentable luiuid, reproduce 
themselves just as the original yeast did, thus 
proving their identity with it. 

We have now learned all that mere microscopic 
examination can show us about the form and growth 
of this wonderfid substance yeast. Chemists, how- 
ever, tell us tliat yeast contains the elementary 
substances oxygen, hydrogen, nitrogen, carbon, 
phosphoims, potassium, and magnesium, and that 
these elements are united to form four compound 
substances of which the yeast-cells are comjKJsed. 
Now these four are : — (1) Celhilose — a substance 
similar in composition to the fibre of wood : of this 
the sac or cell- wall is composed ; (2) Protein — a 
nitrogen, containing substance somewhat similar to 
the white of an egg : this is the chief constituent 
of the jelly or protoplasm which fonns the interior 
of the cellj (3) Fatty Matter — found also in the 
protoplasm; (4) Water — existing in all parts of 
the cell. 

Now, if a small drop of yeast the size of a pin’s 
head be mixed with a j)int of easily fermentable 
liquid (made by dissolving sugar and the ashes of 
the yeast-plant with a little ammonium tartrate in 
water), the transparency of the liquid will not 
at first bo impaired by the addition ; but after 
some hours, if kept at a warm summer temperature, 
the liquid will enter into active fermentation, and the 
few yeast-cells introduced will have given birth to 
myriads. Since the number of yeast-cells has been 
greatly increased, the quantity of the cellulose and 
protein which compose them must also have been 
greatly increased ; but as the liquid itself contains 
no cellulose or protein, but only the mineral or 
inorganic substances which enter into their compo- 
sition, it is plain that the yeaat-ceUs can rmnufactwre 
yrotein amd cellulose from, minefral salts. 

Now plants alone aix? capable of doing this : they 
alone can live on mineral food ; and therefore the 
yeasi-cell is a plant. 

We have already noticed that during the process 
of fermentation a gas is given off. This gas at- 
tracted observation more than three hundred years 
ago, when it was examined by Yan Helmont, an 


old Dutch chemist He found that animals could 
not breathe in it, neither could candles bum in it ; 
and as it resembled in these respects the gas often 
found in caves, at the bottom of wells, and in other 
such places, he named it gas syJmest/re — ^that is to 
say, the gas or air that is found in out-of-the-way 
places. Later on, it was found out that this gas 
was the same as that given off by heating limestone, 
by the breathing of animals, or by burning charcoal 
— in other words, the aii* now known as carbonic- 
acid gas. 

The yeast-plant, then, gives off carbonic-acid gas ; 
it is also destitute of starch ; and in these two par- 
ticuhirs it diflers from the great body of plants, 
which, as a rule, give ofi‘ oxygen and contain starch ; 
but the class of plants known as fungi (the mush- 
room order), like yeast and like animals, expire 
carbonic acid. Wo see, then, that yeast is a plant 
nearly allied to the fungus or mushroom group. 

Now, though yeast requires oxygen in order that 
it may live, it is by no means deixiiideiit on the air 
for its supply, for, as M. Pasteur has shown, if the 
air be excluded from the vessels in which the fer- 
mentation is taking place, the yeast, after exhausting 
the supply dissolved in the licpiid, is able to obtain 
a further supply by decomposing the sugar, which is 
itself a compound of oxygen, liydi’ogen, and carbon. 

Iii the beginning of this paper, it was stated that 
any sugary liquid when freely exposed to the air at 
a favourable temperature, would begin to ferment, 
and in time i)roduce hosts of fully-develo})cd yeast- 
cells. The question then arises, Wliero do these 
yeast-cells come from ? And to this question only 
two answers are possible — either they have been 
genei'ated in the liquid, or have been introduced 
from without. Tlie first of these two hypotheses — 
that of the “ siK)ntaneous generation ” of ferments — 
was in former times accepted as the correct one ; 
but a consideration of the following experiments 
will convince the reader that the second hypothesis 
is the more probable of the two. 

In the first place, it has been found that the life 
of the yeast-plant is destroyed by heating it to the 
temperature of boiling water. Three glass fiasks, 
each pai^tly filled with an easily fermentable liquid, 
are heated to the boiling-point. The neck of the 
first is drawn out and hermetically sealed before 
the blowpipe, while the steam is still issuing 
from it, thus effectually precluding the contents 
from contact with the air ; the neck of the second 
flask is plugged tightly with cotton-wool ; while the 
neck of the third flask is left entirely open. The 
three fiasks, being now allowed to cool down to 
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between 77° and 95° Fabr., the temperature most 
favourable to fermentation, are carefully examined 
with a microscope from day to day. In a short 
time the liquid in number three will enter into 
active fermentation, becoming turbid, giving off 
carbonic*acid gas, and forming a scum of yeast-cells ; 
while the contents of number one and number two 
will remain quite clear and free from, fermentation. 

We see, then, that sugary solutions eminently 
fitted to suppoi't the growth of the yeast-plant, will 
not enter into fermentation if excluded from the 
air, or if exposed to aii* filtered thi’ougli a tight plug 
of cotton-wool, provided all existing yeast-cells in 
these solutions have been pi-eviously destroyed by 
submitting the liquid to a boiling-heat ; and, 
secondly, we observe that such solutions, though at 
fii st containing no yeast-cells, yet when freely ex- 
|x>sed to unfilterod air develop hundreds of such 
cells, and enter into active fermentation, thus 
proving that the so-called spontaneous fermentation 
of saccharine liquids is due to the introduction of 
yeast-cells, or spores, which are floating about as 
fine dust in tlie air, and ai’e capable of being sepa- 
rated from the air by filtration through a plug of 
cotton-wool. Pasteur hjis shown that these air- 
carried yeast-cells may also be destroyed by passing 
the air through a red-hot metal tube, such air having 
no power of causing siigary liquids to ferment. 

After having thus shortly considered the life of 
the yeast-plant, let us now see what are the chemical 
and physical changes which are brought about dining 
fermentation by the growth of this yeast-plant. 

It has long been known that all liquids capable 
of undergoing ordinary or alcoholic fermentation 
must contain sugar in some form or other, and also 
that the chief result of the fermentation was the 
changing of the great bulk of this sugar into alcohol, 
or spirit of wine, and carbonic-acid gas. An 
experiment arranged in the following way is well 


o 



Fis. 8.— Apparatus for investigating the Nature of Fermentatiou. 

adapted for showing this. Let a wide-mouthed bottle 
A (S^g. 3), holding about a quart, be half-filled with 
a solution consisting of sugar and water, with a 


little yeast-ash and a small quantity of ammonium 
tartrate. In the neck of the bottle fix a cork, through 
which passes the tube b, tjie other end of which 
goes down to the bottom of the test-tube c, which 
contains a solution of baryta water ; fi*om the cork 
of c passes a short tube, ending in the wider one n, 
which contains a few juoces of caustic soda, intended 
to prevent all traces of carbonic acid which may bo 
in the air passing back into the baryta water 
contained in c. 

On adding a small quantity of yeast to the solu- 
tion in A, and keej)ing the apparatus in a warm 
room, the liquid will soon become turbid and begin 
to ferment, giving off bubbles of gas ; these, passing 
into the baryta water in c, will j^roduce a dense 
white i)reoipitate of barium carbonate, which may 
be filtered off and afterwaixls examined. On the 
aildition ol* hydrochloric acid, it will give off car- 
bonic-acid gas, which may be recognised by its 
property of extinguishing flame and giving a white 
precipitate or sediioent witli limo- water. 

During the fermentation, a thermometer placed 
in the liquid will show that its temperature is 
higher than that of tin* surrounding atmosphere, 
this heat being due to the combination of the carbon 
of the sugar with oxygen to foiin carbonic acid— 
the process being, in fact, a slow burning, just as 
charcoal-burning in air is a quick burning, the heat 
in both cases being due to the same cause. 

After the fermentation is over, the liquid may be 
filtered from the scum and sediment of yeast, and 
distilled until about onc-ejuarier of it has passed 
over into the receiver. This distillate still con- 
tains water, from which it should bo freed by being 
poured over some lumps of quicklime placed in a 
large retort, allowed to stand for twenty-four hours, 
and re-distilled. The second distillate will be pure 
alcohol or spirit of wine, and may be recognised as 
such by its taste, smell, inflammability, and other 
well-known characteristics. 

In addition to these chief products — alcohol and 
carbonic-acid gas — small quantities of two other 
ones are unifonfily produced : one a somewhat rare 
one, called succinic acid, and the other a veiy 
common one — glycerine. And some very intricate 
experiments made by M. Pasteur have led him to 
the conclusion that out of every hundred parts by 
weight of sugar which enter into the fermentation, 
ninety-five parts suffer decomposition into alcohol 
and carbonic acid, foui' parts go to the formation of 
succinic acid and glycerine, while one pari dis- 
appears, having served as nourishment for the 
yeast-plant during its growth. 
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We have now seen that fermentation consists in 
two actions, which go on at the same time — viz., 
the growth of the yc'jist-plaut, and the splitting up 
of the sugar into alcohol and carbonic acid, together 
with small cpiantities of succinic acid and glycerine ; 
and since the first of these never occurs without the 
second, wo ai’e led to tlie conclusion that the split- 
ting up of the sugar in this remarkable way is the 
result of the growth and reproduction of the yeast- 
plant. 

We do not as yet know what is the precise 
manner in which the yeast-plant effects these 
changes. All that we can say with certainty on 
the subject is that th(* chemical act of fennentation 
is essentially a coi'relative of the vital act, beginning 
and ending with it. 

In addition to the ordinary or alcoholic fermen- 
tation described above, the reader will do well to 
remember that there are others — the ** acetic,” 

butyric,” and “lactic,” for instance — in each of 
which peculiar changes are brought about by certain 
living vegetable organisms. 

Very soon after the discovery that the so-called 
spontaneous fermentations arose in most cases from 
the fermentable liquids being infected by ferment- 
germs which were floating about in the aii‘, the idea 
^'igg^sted itself to many chemists and pliysicians 
that certain classes of contagious diseases were very 
probably communicated in a similar manner ; and 
it is believed by many tliat all diseases contagious 
by inoculation, or more or less direct contact, are 
produced by fermentations of the liquids contained 
within the body, set nj) by foreign bodies of an 
organised nature similar to ordinary ferment- 
germs. 

It has since been shown witliout the least doubt 
that certain malignant carbuncles are really the 
result of the fermentation of the fluids of the body, 
which fermentation is caiTied on by the growth, 
repi*oduction, and decay of microscopic but easily 
recognised organisms ; and just as it is the solid 
cells only of yeast which arc capable of exciting 
alcoholic fermentation, so in cow-pock, glanders. 


sheep-})ox, and other infectious diseases of animals, 
the solid poHions of the virus are those by which 
alone the disease is communicated. Further expe- 
riments are, however, needed before this germ 
tlieory of contagious diseases can be considered as 
completely established. 

We may conclude this paper with a brief sum- 
mary of the knowledge wo have gained by this 
shoi*t study of the process of fermentation as seen 
in a brewer's vat. 

We have learned that fermentation consists in 
the formation from sugar of alcohol, carbonic acid, 
and small quantities of glycerine and succinic acid ; 
that this series of transformations is brought about 
in some mannci* by the gi'owth, reproduction, and 
death of the yeast-})lant in the fermenting liquid. 

Of the yeast-planfc itself, we know that it is a 
simple cell — a bag of cellulose containing a mass of 
jelly or protoplasm, in which are one or two clear 
spaces ; that this cell can either reproduce itself by 
budding, or by sjxjres; and that the yeast-plant, 
from the fact of its breathing out carbonic-acid gas. 
is closely connected with the group of fungi or 
mushroom-like jdanta. 

We have learned that yeast-cells are floating 
about ill the air, from whicli they may bo removed 
by efiicient filtration, or destroyed by heat, and that 
they are ready to begin reproduction and set up 
fermentation us soon as ever they come in contact 
with a suitable liquid. 

Wo see fuither that by considering this subject 
of ferment-germs, physicians have been led to the 
conclusion that many diseases are really a kind of 
fermentation of the animal fluids, and may be 
conveyed by disease-germs. 

Finally, some of our experiments seem to show 
the impossibility of the “ spontaneous generation ” 
of ferments in liquids not previously containing 
them ; but the question of the spontaneous genera- 
tion of living organisms, whether animal or vege- 
table, although veiy improbable, is one on which 
certainly “ doctore differ,” and the scientific world 
has not as yet come to any goneml conclusion. 
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A PIECE OP SPONGE. 

Bit J. Muhie, M.D., LL.l)., F.L.S., etc. 


F AMILIAIt as is an ordinary piece of sponge, 
yet few j)eople are able to give any rational ac- 
count of what in reality it is. The dictioiuiry defi- 
nition, ‘‘a soft, poi*ous substance, remarkable for 
sucking up water,” hints only at one of its qualities, 
common to a number of objects } as, for examjde, a 
piece of blotting-paper, which to some extent is 
equally bibulous. Even to the minds of most well- 
educated persons tlie true nature of the substiincc is 
far from clear. The common and cun’cnt notion that 
sponges are marine plants, or in some way or other 
appertain to the seti-weed groiq), would seem to have 
its foundation in the general aspect of the objects 
themselves : their light, fibrous, vegotable-like tex- 
ture, the well-known fact that they arc procured 
from the sea-bottom ; and as occasionally they ai^e 
exliibited in museums and shop- windows attached — 
stalked or rooted — to a portion of i*ock or other 
substance, it is easy to understand how tliey come 
to bo looked on as plants. Nor is this to be 
wondered at, seeing that, even up till within a few 
years back, naturalists, iuid tliose who had made a 
special study of the sponge tribe, wei*e by no means 
agreed as to their nature. Some would have them 
to be plants, othei-s that they were animals of a low 
order, and so they were bandied about in the 
systems of classification, at one time finding a place 
in the animal, at another in the vegetable, kingdom. 
Nay, more — at length a learned German hit upon the 
plan of placing them, along with several other lowly 
organisms of equally uncertain nature, in a sepantte 
group intermediate between plants and animals. 
Thus one would suppose the peiploxity of the case 
gel rid of ; but not so — “ confusion ” became ‘‘ worse 
confounded,” until imagination has run riot on the 
subject of some phases of their development ; and, 
once fallen into the hands of theorists, poor sponge 
has been made the basis of a history and plan of 
coreation. 

Let us place before us an ordinary bit of sponge 
taken from the dressing-table, or purchased out of 
the basket of the street hawker. Perhaps the 
coarser the specimen is, the better will it be for our 
ptirpose — ^that, namely, of examining and illus- 
trating its structural peculiarities. 

The physical properties of such a piece of sponge 
are few, but manifest and c^racteristic. W e observe 
that its colour varies from pale amber to a deep, 


occasionally ruddy, brown. Bleached specimens 
are, indeed, sometimes hawked about our streets ; 
and in Paris, I am told, sponges depriA^etl of much 
of their natural colour by chemical meiwis* are in 
vogue. 

The best varieties of Turkey sponge, as is well 
known, ai'e soft and velvety to touch. Squeeze 
one, and it shnnks in dimension ; the gi‘asp un- 
loosed, it springs back to its original form ; it is 
thus resilient and clastic to a degree. Its lightness 
is a most appreciable quality. A morsel i>laced on 
the tongue yields no distinct taste; chewed or 
pressed between the teeth, according to the sort of 
sponge does it seem fibi'ous, or stringy, or coarse 
and giitty from the sand and foreign i)article8 
retained within it. Cast it into water; at first it 
floats freely, but by degrees absorbs the fluid, 
settles down, and ultimatdy sinks. Tt is thus 
remarkably ‘‘porous” and absoidxmt, an«l, as the 
phrase runs, “is porous as a sjionge.” As a body, 
nevertheless, it is opaque, though thin slice's trans- 
mit light, like shavings of horn, while a flood of 
light passes through the openings and vacant spaces, 
whatsoever bo the direction of the cut. Apply 
flame to a small j^ition. It does not burn brightly, 
but frizzles, singes, or chars, according to the 
intensity of th(' heat. If this is great, a pellicle of 
metallic lustre, or light fragment of charcoal-like 
matter, is left. Meantime thei’e arises from it a 
strong, disagreeahlt* odour, very similar to that 
produced by tlie inqierfect burning of hair. 
Neithei cold nor boiling water, alcohol, ether, 
ammonia, nor, indeed, most chemical reagents, 
reduce sponge-fibre to a soluble consistence ; even 
the strongest acids and alkalis act iqx)n it only 
slowly, so that in this respect it is a very resistant 
body. 

As regards its own chemical composition, analysis 
shows that silk and sponge scarcely diflPer in com- 
position. A peculiar substance called “fibroin” 
enters largely into the constitution of the sponge of 
commerce. Neither tliis substance, nor anything in 
the slightest degree resembling it, is found in any 
plant. 

We thus leam that sponge, in its physical pro 
parties alone, might be of a fibrous, vegetable 
nature, but chemically it exhibits phenomena and 
* By the use of hydrocblorio add, and hyposulphite of soda. 
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oom{>osltiou akin fco what are attributed to belong to 
animal bodies. 

In its mechanical construction, an examination 
of the specimen before us shows that the sponge 
combines the maximum of lightness, delicacy, and 
strengtli, with an architecture wonderfully adapted 
to fulfil a combination of purposes. 

The much-vaunted skill, handicraft, and genius of 
our engineers may here take a lesson from mother 
Natiu'e ill one of her humblest efforts. 

Under the microscope a thin slice of the sponge 
consists alone of a meshwork of yellowish, solid, 



Pig. 1 — (a) Microscopic Appearance of Sponge-Fibie , (n) a Fibre, 
showing its solid Structure, greatly magnifaeu 


interlacing filaments or threads. These are excoed- 
ingly delicate in some examples of the best Turkey 
sponge, averaging of an incli in diameter, but 
in others are much coarser, and of a greater calibi*e. 
Usually they are almost uniform in thickness, 
chough sometimes, as Professor Quekett first 
obsei ved, a fibre double the size of the rest is met 
with. Tliese bigger fibres possess great interest, 
for they not unfrequently contain rudiments of 
minute flinty, needle-shajied bodies, termed 82 mvle 8 , 
With the exception mentioned, these flinty needles 
ore absent in the sponges of commerce ; but these 
bodies — of most extraordinarily varied figure and 
size — nevertheless, play an important part in the 
economy of some sponges. 

For tenuity, elegance, and relative strength, a 
spider’s-web is a marvel ; and hardly less wonderful 
for length of fibi'e, lightness, and close packing, is 
the cocoon of the silkworm. Combine the material 
and principles of these two, and there results the 
netted, throughout penneablo, water-sucking object 
— our common toilet-sponge. 

The further building up of the loose network of 
fibres is not a matter of mere indifference, for 
fdthough in sponges there is an almost endless 
variety of patterns, both as to their exterior and 
interior conformation, yet all are foimed so as to 
permit the passage of water in certain directions. 

In the finest sorts of cup-shaped sponges the 


hollowed top is drilled with great-sized holes, whicli 
chiefly lead directly downwai*ds. On the other 



Pig 2 — VanouB Forms of Sponge-Spioules, bigbly magulfled 


hand, the outside of the cup is perforated by 
openings like so many pin-holes (a, Fig. 3), and 



Pig. 3->Oater Sortaoe of Sponges of different Sorts, all natnnd 
Sisse (▲) Cup-shaped Variety; (b) Hon^oomb Sponge ; (o) Toilet 
Spow; (p) Bahama Sponge, pihtly in Sections, showing project- 
ing Extiemitias and intenial tubular Ohavaoter, 

these more often lead obliquely down and inwardcu 
But the general uniformity of these latter, and as 
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ocmtrasted with the large orifices placed at the top, numerous series of pinhead-sized orifices, whilst the 
is a point of some importance. intervening finely reticular web forms the body of 

In the bath or honeycomb sponge of trade, the the sustaining tissue. In tljis sort of sponge is also 



Pig, 4.— Steiah SFOsraE-FxBSBBa at Woee. 


dome-shaped expanse is not only rougher than in 
the ** cup,” but what gives rise to the technical name 
is the honeycomb-like dispersion, throughout the 
entire surface, of large gaping apertures (b, Fig. 3). 
Around and everywhere between these is a still more 
8 


well seen a peculiarity less apparent in the finer 
‘‘ cups.” Long, jagged i)eaks of the felt substance 
stand out at all points, and they particularly 
surround the large apertures, even forming a crater- 
like rim, bending over or partially obscuring the 
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hole. In some of the nodular or spread-out toilet- 
sponges, ligain, a modification is met with. In 
shallow hollows, or occasionally on elevations, hei’e 
and there a big hole is immediately encom])a88ed 
with a number of somewhat smaller-sized subsidiary 
ones (c, Fig. 3), producing thereby a star-shaped 
appearance. 

In the infeiior sorts of sponges, “ Bahamas ” to 
wit, the fibre is not only coarser, bristly, and brittle, 
hut the wide channels run up in vertical ]»tirallel 
columns; the fibre shooting foith in unusual, long, 
free extremities of a tubular or a i)encil or brush- 
like chamcter (d, Fig. 3). 

From what we have tlius h'arncd regarding the 
stnioture of the sponge before us, we can now iimhu*- 
Btand liow a dry s})oiigc so gi*ecdily sucks up water, 
and so readily parts with it on ])ressure. Fassagos 
everywhere communicating, whose walls are made up 
of a close network of the finest fibre, jicrmit and 
cause the fluid to vise by the cajallary attraction ” 
of the physicist, until the substance is {tei’feclly 
saturated; capillaiy attraction, as Faraday has 
well put it, >H.uug “ that kind of action or attraction 
which makes two things that don’t dissolve in each 
other still hold together ; ” and, indeed, where the 
intoi*sticos arc extrenu'ly nanow, the fluid is forced 
on by tlifj weight of tlic mass beliiud. The currents 
of water in tlie live sponge, though, proc(‘ed from a 
diflereut cause. Again, the minuteness, flexibility, 
touglines.s, and withal durability, of the tissue, 
together ])roduce those (pialities for which the 
s|)onge-sul).stance is valuable and becomes an every- 
day necessity. 

But hitherto the dried sponge, which after all is 
only the skeleton, has engaged our attention. The 
living object and its economy carry with them life- 
problems of exceeding interest — an ejutome of all 
those functions performed by the complicated organs 
in our own body, but here reduced to the utmost 
Bimplicity. Other generalisations, moreover, hang 
thereby. 

To see the sponge in life we must now go to an 
aquarium, or seek for some shady rock-pool on the 
coast where specimens of our smaller native sponges 
cover the stones, or cling to the roots in the tangle. 
It would still be better could we examine one from 
the “ fishing-grounds ** in the Mediterranean. 

Incidentally it may here be mentioned tliat in 
collecting living si)onge8 in the East, a fleet of 
one-masted, lug-sailed boats {caiques), manned by 
crew and divers, are occupied during the whole of 
the summer months. The Syrian diver goes down 
naked, with an 02 >en net ai*ound the waist, and 
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carries a stone attached to a rope. Without instru* 
ments, he tears the sponges from the rocks, throws 
them into the net, and giving the signal, is hauled 
up (Fig. 4). 

The Greek divers, among their own islands or on 
the African coast, use a diving-dress and knife or 
sj)ear to cut away the sponges from their attach- 
ment ; but as the air-tube often fouls, they will 
throw this aside. The men remain down from 
1 to li minutes. They descend to the depth of 
8 to 12 fathoms, but exjjert divers will go down 
even 40 fathoms. Usually, from a dozen to thirty 
six)ngcs reward a plunge. The best kinds are said 
to flourish ill the deep water; but this is moi*e likely 
to he from being less distur})e(l and picked off. 
Gertain London merchants now buy dii*ect from the 
boats, 2 )req)are them by drying, &c., and simply pack 
in cases for transmission. A fishing- village is often 
strewn with sjumges lying out todry, giving theneigh- 
])Ourhood a strange but characteristic appearance. 

Wlieii first obtained from the sea, the s^xinge of 
commerce is a vastly difiereiit thing from those in 
our siiops. It then is conqiaratively heavy, and 
presents a filthy, dh'ty, slimy ajipearanee, with an 
odour of shell-fish. Few holes are visible, most 
seemingly being blocked up with tlie glutinous sub- 
stance. Tlien the process of what technically is called 
“ taking the milk out ” is jn’oceedod with, prior to 
buii-drying : for if the soft matter Ik? left in, jnitre- 
faction results. The jirocess adopted by some of our 
English merchants is secret, and the jirecise means 
in use among the fishers is not clearly undei'stood 
oxcejit by the initiated. At all events, a squeeze 
and a wrench, or stamjung under foot, extract a 
milky or semi-transparent, sticky, gelatinous sub- 
stance. The sand and grit in the new-dried sponge 
are foreign residue, cither partially subservient to 
projiaration, or suirej^titiously introduced to add 
weight and increase the money-value of tlie article 
as sold by weight. 

The slimy substance or fleshy material above- 
mentioned is the soft part of the living animal — 
or congeries of animals, for such they prove to 
be. This jelly — so delicate that it runs off like 
milk from the fibrous skeleton when death has 
occurred, or occasionally dries like glue on the 
fibre — eveiywhere lines the fibrous structure, and 
forms a surrounding film. In appearance and com- 
position, it is much the same as the white of egg. 
For long, its nature was held to be problematical, 
even among the master-minds of zoologists, and all 
experiments and opinions elicited nothing more 
its being a torpid mass of doubtful vitality 
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But, after the labours of a host of scientific inves- 
tigators, its animality, and many other strange pai*- 
ticulai's are now proved beyond a doubt. Examine 
attentively, say, a sponge in the aquaidum. When 
under favourable circumstances for observation, the 
following particulars may be verified. 

First, then, currents of water run in through the 
tmM pores (Fig. 6), and traversing throughout the 



Pig. 5. — Piece of bpongo abowiug the outgoing Watei-Cuireutb. 

si)onge-material, at length return and make their 
exit in streams through the large lioles (Figs. 5 and 
6). In sponges growing near low-water maik, as the 
tide recedes, all the orifices close, again to open and 
admit the water as tins uses and covoi*s the object. 
This fact can be witnessed in the sponges on our 
own rocky shores , au<l if a small living piece is 
put under the microscope in a watch glass, with 
sea- water to which is added a little caimine, the 
currents of particles are most convincing. To the 
living sponge it mattera not whetlier the surround- 
ing water is perfectly still or in movement, the 
curi’ents of water permeating its substance con- 
tinue all the same. 

The majority of natumlists agree that the water- 
currents are due to ciliary motion.” This vital 
action is the same which drives upwards the 
phlegm or irritating particles from our own lungs 
and throat, and which also sends whirling about 
to and fro the young oyster, before it has settled 
down to its sedentary shelly existence. Besides, 
ciliary action subseiwes many other purposes 
throughout the animal economy. “ Cilia ” (their 
name being derived from the Latin for eyelash) are 
hairJike filaments or threads of extreme tenuity 
(no more than to of an inch in length), 
which keep undulating like a field of com blown 
by the wind. They thus set up a current, or push 
along the fiuid or other movable particles on the 
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suiface, in a uniform given direction. The cilia, 
however, in the sponge are not promiscuously dis- 
persed, but are confined to minute, deeply-situated 
chambers or dilatations of the canals (Fig. 6). Giving 
ourselves no concern with technical terms other 
than regarding them as “ciliary chambers,” we 



Piir. 6 —Diagram of mterior Spouge-CUaimels, and Watei -Cm rent* 
following Duoction of Axiows, with here and there Cdiorjr 
Chambers. 


nevertheless find they possess considerable interest. 
These chambci'S, of very diminutive capficity, are 
encircled with a closely-set series of flask-shaped 
cells or “bladdeis,” sunk in the gelatinous, fleshy 
substance, a single lash-like cihnm protruding from 
each (Fig. 7). In this respect there is analogy to 
the cilia in our own frame, which aio attached 
to little scale like bodies (scuif being scales of this 
nature, but without cilia), in some cases often 
thrown off and as quickly renewed. 

But these flask shaped cells of the sjxinge are in 
reahty so many microscopical animals, each endowed 
with a vitality of its own, and in structure p’ocisely 
identical with some of the singular free-moving 
animalcules of our ponds and ditches ; so that the 
sponge in a certain sense is a colony of individuals 
aggregated and held together by the white-of-e^gj- 
like substance, and, whei*o present, fibre or spicuUa, 
the flints or needles. 

Arranged in the bow-shaped recesses, like bottles 
in a bin (a. Fig. 7), these 8i>onge-cells or monads 
freely ply their cilia, and hence comes it that the 
sea-water is drawn through the porous pubstanoe. 
That it only enters at the small holes and issues at 
the big ones is dependent cn the special direction 
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given by the moving cilia. It posHibly may alao be 
that by alone entering the minute pores the cliances 
of the passages becoming blocked up is rodiiced to 



the minimum. But withal, strange — even living — 
objects do betimes got drawn in and entangled, 
queer pranks arising thereby. 

Reviewing now what we have learned from the 
bit of sponge before us, we find, viewing our facts 
in their simplest aspect, that a sponge may he 
compared to a fi])ro-gelatinouH colander, grosser 
particles being retained and abborl>ed tis nutriment, 
the passing fluid carrying off waste material, &a 
Professor Huxley, often as happy in similo as 
pimgent in repaiiico, compait*s the sponge to ‘‘a 
kind of subaqueous city, where the arc 

arranged about the streets and roads in such a 
manner, that each can easily appropiiate his food 
fifom the water as it passes along.” 

Both as a mechanical and }}hysiological apparatus, 
sponge simplicity contrasts with the complications 
involved among the higher animals. Of blood thei*o 
is none, neither intricate mechanism of heart, arteries, 
and suchlike ; still, the function of circulation is 
effectually performed, and nourishment-bearing fluid 
— ^water — brought into j)roximity with every part 
of the frame. Lungs, gills, <fec., are dispensed with, 
yet the equivalent of resifiration takes place by the 
constant I’enewal of the sea-water ; for oxygen is 
absorbed, and carbonic acid given off. Then, as to 
the function of secretion, and the excretion or giving 
off of waste products : skin, with its sweat-glands 
and other accessories, and kidneys, &c., to boot, are 
not brought into requisition, yet much refuse is 
eliminated. During the digestion and the absorp- 
tion into the general structure of its food, a solvent 
Is poured out, and yet there is no stomach, gut, or 
glands. The food-particlos come haphazard with 


the cun’ent, and here and there get entangled 
among the jelly body-substance, which imbibes such 
minute molecules as may be solvent in the slimy 
fluid, and allows the others to pass on. It may 
here be asked — is there any nervous influence guid- 
ing and controlling selection of the atoms, acting on 
the general contraction of the slimy flesh or move- 
ment of cilia, &c,l None whatsoever 1 At least, no 
trace of anything approaching nervous elements has 
hitherto l)een discovered, under the highest powers 
of our microscoi)es, and other moans of research. 

It ramains still for something to be said con- 
cerning reproduction, growth, and development, to 
comjflete the life-history of a Hj)onge. Herein lies 
a wide field for generalisation and speculation. 
Accordingly, those naturalists gifted \ «ae 
powera of imagination have constructed a system of 
animal transformation which sets Swift’s satire 
on the lalK)\irs of the professors in the Lagado 
Aca<lemy of Projectors completely in the shade. 

Tt is a matter of every-day knowledge that phmts 
may be propagated by cuttings, by gi*afting, by 
buds, by bulbs, or by seeds. Now, among the 
lowe.st forms of animals, the sponges included, 
processes of reproduction analogous to those of 
vegetables are not of unfre(pient occurrence. 
Unfortunately, a complete history of the develoj>- 
ment of the common sponge (Sjiongla officinalis) lias 
not yet been followed out in detail ; but a study 
of other forms, in many respects, enables a fair idea 
of what in the main is jirevalent among the gi*oup 
to be considered a])])Iicable to it. 

There is a kind of sponge which grows in the 
fresh water, and is to be found, among other places 
throughout the country, on the floating timber in 
the Commercial Docks at Rotherhitho, at Cook- 
ham on the Thames, and in some of the canals in 
the neighbourhood of London. The living sponge, 
therefore, can easily be obtauied and examined by 
any one desirous of making himself practically 
acqTiainted with the water-circulation, development^ 
&c. In this, the river spong(' {Spongilla fluviatilis\ 
there is no network of honiy fibre, but, instead, a 
mesh work of the needle-shaped spicnles* For our 
illustrations of propagation this does not negative 
the general conclusions. 

If a mass of this be tom asunder or cut in pieces 
or, as occasionally happens, spontaneously divide, 
each of the parts will maintain its independent 
existence, and flourish as a separate individual or 
specimen. This would be equivalent to the cut- 
tings ” of plants, though it implies something moia 
Again, two apongilke growing apart may approadv 
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and when brought into contact will fuse into one, so 
that afterwards no line of demai’cation can be 
distinguished. This to a certain extent rejiresents 
the operation of ** grafting,” as practised by horti- 
culturists j though, in the case of the sponge, fusion 
of substance is so complete that they may be 
truly regarded as a unit, whereas plants grafted 
still retain their s^iecihc peculiarities apart from the 
stock whereon united. Still further, vanoiis b|X)nge8 
may send forth a process or body comparable to a bud, 
which, when thrown off, lives, grows, and ultimately 
propagates its kind, as would a i)lant under similar 
circumstances. But thei’e is another modified process 



Flff 8 ■— WintCT-bud or Gonimule of SponqiHa (a), lu natural Con- 
dition, and (b) prepared with Nitric Acid to show its Spioulax 
Coat. Both highly magnified, as seen under the Microscope 


akin to this, which takob place by a kind of winter- 
bud, to all intents and purposes representing 
propagation in plants by bulbs. In this, towards 
the autumn months, a number of the b]>onge- 
imrticles seem to fuse together and form a horny 
or flinty shell (Fig. 8), of a round, oval, or occa- 
sionally elongated shape, bxit with an opening, 
and containing within a niimlier of seed-likc bodies. 
These remain quite inactive through the winter ; the 
spongilla itself meantime having died down. As 
spring comes round, however, the seed-liko bodies, 
heretofore dormant, manifest vitality, and each, 
issuing from the shell by tbe ojiening, commences 
life as a separate and free-moving individual; 
ultimately settling down, growing, and becoming 
sponges similar to that from which they have been 
produced 

Tlie foregoing phases of reproduction are regarded 
as modifications of budding; but there is still another 
mode, where eggs are hatched within the body of 
the parent. 

In this case certain of the marine sponges, about 
midsummer, develops in their interior a multitude 
of little cells or bladder-shaped structures — ^the eggs 
—which are either scattered throughout the tissue 
or aggregated in heaps within a sac (1, Fig. 9). 
These ova, though so minute and transparent, re- 
semble in most particulars a hen’s egg ; for^ although 


destitute of a calcareous shell, they nevertheless 
have a substance corre8i)onding to the yolk, another 
to the white or albumen, and a delicate membrane 



0 — Spouse in Stages of Dovelopment. from their Isstije 

until becoming a n*ee-movmg, ciliated Larva— the Arrow denoting 
Direction propelled. Highly magnified. Modified after Carter. 


surrounding this. Moreover, a process identical 
with what occurs in the hatching of a hen’s egg 
takes place. This process goes by the apiiellation 



Fig. 10.— Further Development of Sponge Ovnm from where tbe free- 
moving Larva settles down until it assumes the Structural Pecu- 
liarities of a true Sponge. Modified after Carter. 


of segmentation or cleavage of the yolk. The 
germinal point, as in the hen’s egg, sets up an action 
in the yolk-substance, and a division into two cells 
with central points results. Tliese cells, or little 
spheres, again, divide into four ; at a further stage, 
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Bubdivide into eight ; still again subdividing, until 
at Icngtli the yolk ajipears under the microseopo as 
a confused mass of aggregated cells (compare 2 to 7 
in Fig. 9). The egg, now increasing in size, assiimes 
an oval figure, gets an outer hairy-like covering of 
cilia of extreme tenuity, and these by theii* hishing 
movement drive tlie. larval sponge freely about the 
water. Later on, an inner growth of cells arises, 
and some, notably, are produced at the one end, 
the opposite end of the larva being provided with 
anip])le-shaped ])rocess (8 and 9, Fig. 9). Thus trans- 
formed, the laiwal sac settles down and fastens itself 
by the root-cells to pebble or rock, as the case may 
be ; and the cilia .are then lost. The fixed embryo 
liereafttT increases in bidk, begins to spread out a 
gelatinous substance at its root, and the fi’ee coni(;al 
end shows a depj-ession. Then, as growth proceeds, 
the latter boconu's a hole — one of the future exits 
of water-cun-eiits — whilst smaller-sized pores of 
ingi'ess become faintly visible. The true sponge 
character now becomes manifest, ])ei'forationa j)ro- 
oeed apace, and the structuml organisation already 
referred to ultimately gives completeness to the 
compound animality of the s})onge (compare 10 to 
14, Fig. 10). 

Such are the changes undergone from egg to 
adult in certain of the sj)onge tiibe. This group, 
as a whole, witli a structure and life-histoiy com- 
paratively simple ill its kind, withal ]iossos8es, as has 
been shown, a many-phased mode of development, 
combining that supjxised more tnily to belong to 
plants as well as that of the egg of animals even of 
highiT grade. The changes undergone from egg to 
larval stage, indeed, often impart such resemblances 
to those of animals high in the scale of being, that 
it is this transfoniiation that has led to the assump- 
tion, and forms the basis, of those who hold to the 
theory of a progressive development and intimate 
connection between the lower and higher animals. 

Let us set aside, for the moment, the scientific 
aspect of the nature, <kc., of sponge, and discuss tlie 
Bubject from its commercial point of view. We 
then find that the domestic uses of sponges create 
a trade in this couutiy alone estimated at an annual 
value of from £150,000 to £160,000. The British 
import trade, I loam from one practically acquainted 
with it, is in the liands of seven or eight firms. 
Tliese houses, roughly speaking, altogether receive 
yearly from abroad somewhere about 460 tons 
weight of sponges of various sorts. Tliero being 
no duty on sponges, they arrive in this country 
without let or hindrance from Custom House 
officials ; consequently we can give only approxi- 


mately the number and total value of those im^ 
ported. The s}>onges of commerce are doidved 
from the Mediterranean and the West Indian 
Seas. The former go under the name of “ Turkey 
sponges, and are those in chief use in this country. 

The best kinds of the so-called “Turkey^* sponges 
are said to be obtained at Mandruca and at 
Benghazi, on the Tripoli coast. There is also a 
good soit got from the islands of Cypinis and Crete. 
The Grecian Archipelago yields a fair supply, but 
their quality is by no means so good as those of the 
first-mentioned districts. The Bahama and West 
Indian sponges (Key West lieing the head-quarters 
of the fishing and export trade), though useful for 
many purposes, are quite an inferior sort, and not 
mucli in i*oquest with the London wholesale dealers. 

Paradoxical it may sound, but, neverthelesi^ 
London, it is said, is tlie cheapest, and at the same 
time the dearest market — or rather, strictly sjieak- 
iiig, commands the maximum market rate — for 
oertain qualities of sponges. This arises from oim 
metropolis forming the focus of the trade; and with 
(piautity there necessarily will bo gluts, and, tem- 
porarily, depression of value. On the other hand, 
a higher price is freely paid licre for the mre 
and lietter sorts than elsewhere can Ik? obtained. 

As housewives and families know to their 
inconvenience and disajqiointmcnt, a sea-side village, 
all amongst fishers, is not the place to be well served 
with fish, every catch lieing hurried off to the great 
town by rail. Thus, with sponges, the finest kinds 
come direct to England, where most nations buy. 
One of the better qualities, however, in a cleaned 
condition, finds its way to France. A commoner 
sort of the Turkey sponge is sent on to Southern 
Germany and Austria, by way of Trieste. Russia 
receives only the very poorest, coai’scst soi*ts; 
while America, with her own sponge-producing 
banks, purchases the superior kinds in the English 
market. These data would seem to afford an index 
that ablution in Britain is, after all, of more frequent 
occurrence than our sanitary boards may admit. 

In the wholesale market at present, Bahama and 
Turkey s]x>nges range from 8d. to 35s. the pound 
weight, according to quality, but the prices as 
retailed are ruled by a somewhat arbitrary standard. 
A good-sized piece of a common West Indian sort 
may bo had for a penny, or a few pence, whilst 
another kind of the Turkey sponge, no larger than 
one can easily grasp and squeeze in the closed fist, 
will cost from 5s. to 7s. or moi'e ; the same a little 
larger, proportionably to its bulk, brings even a 
much higher sum. The why and the wherefore of 
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Ais inequality in value ^»ill be readily compro- or flattened, or slightly modified cups. Their fibre 
hended from what has already been said a« to the is a trifle coarser than the preoedinjr. (31 “ Honev- 
differenoes in fineness, &e., of the fibre. But, more- combs ” or bath-siwnges, so nani hI on account of 
over, the prices of sponges of all kinds have euor- their large perforated but unequal orificed Iwuey- 
mously increased within the last few years, and in comb appearance. They arc uncommonly large and 



Fig. 11.— Spokqeb in watcrai. Pobitionb, rooted to Eock. 


the year 1877, fiora several causes, were higher 
than ever before. 

Mediterranean, or, as better known, Turkey 
8iK)nges, are assorted by the dealers somewhat as 
follows : — (1) “ Cups.’* These, as the name implies, 
are ordinarily cup-shaped — viz., a hollow centre and 
narrow, stalked end. The fibre of these is of varying 
‘degrees of fineness, softness, and elasticity, according 
to which range their values and prices. Though 
often of small suse, this sort is greatly prized, and 
all bring by far the highest prices. (2) Toilets ** of 
all sizes, Tliese vary in shape, being often rounded 


dome-shaped, their fibre is stout and resilient, and 
the many wide holes both readily take in and part 
with water ; and hence they are well adapted for 
bathing purj^oses. (4) ‘‘Toilet baths ” are a modifi- 
cation of the two preceding. (5) “ Can iage sponges,” 
and (6) “ Brown Turkey,” are two of coarser con- 
sistence, varying greatly in size, toughness, and 
irregularity ; generally, the last-named kind is not 
only of a different colour, but is also rough and 
hard-fibred. 

The West India or Bahama sponges are now 
thus classed : — (1) “ Common or Bout Sponge,” with 
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white or yellow tissue, also known as “ Sheepwool.** 

(2) Velvet Six)nge,” a sort with brown tissue. 

(3) Fine Hardhead,” with a fine large, brown fibre. 

(4) Coarse Hardhead.” (5) “ Grass Sponge.” (6) 
G^love Sponge,” which kind has large, fine, soft 

tissue, but which is not strong. (7) “ Reef Sponge,” 
a sort with small, fine, soft fibre, and generally of 
good fonns. Tlie two last and the first ai*e regarded 
as the best sorts, but as a rule these Bahama 
sponges are both harsher, more brittle, and de- 
cidedly of a giitty fibre, as compared with the 
Turkey sponges. The West India sponge “ fishery,” 
it may be remarked, has of late years risen into 
considerable importance, s})ito of the inferiority of 
the material, and the trade bids fair still further to 
improve in value, since s]X)nge has been applied to 
many new puri)oses. 

As regards the finer sorts of Turkey sponges, 
they arc comparatively, though not entirely, free 
from sand or giitty particles ; whereas with the 
inferior kinds it is too often the reverse. Indeed, 
certain of those of the Bahamas are remarkable for 
the (quantity of powdered shell-fragments and bits 
of coral imbedded in them. It is even stated that 
among these the worse kinds will lose as much 
as 75 per cent, of their weight when depiived of 
their lime-matei’ial. Another curious circumstance 
worthy of notice is that when the north winds 
blow in the Mediterranean, the sun-diied snonges 
then suck up so much moisture as to increase 
their weight by almost one-tenth part. The wily 
(Jreek ti’adera then try to efiect their sales, but the 
waiy purchasei's prefer to wait, while only the 
inexperienced dealer then buys. 

From these facts it is evident that the merchant 
distinguishes a scale of qualities, absolutely based 


on difierences and distinctions of structure. In his 
own way he thus classifies and appends a name 
whereby others may recognise, to a certain extent^ 
the peculiarities of the object intended. Now this 
is precisely what the naturalist does, in specifically 
and geneiically naming and arranging the various 
sorts of living plants and animals. 

It is therefore a good example of how the same 
principle is applicable in trade as in science. It is, 
so to s<iy, an initiatory lesson in nomenclature and 
classification, unfortunately two stumbling-blocks to 
the spread and study of natural history. Certainly, 
it cannot l)e dissembled that long-sounding Latin 
names repel, and complicated arrays of divisions 
intimidate, beginners. But then it must not bo 
forgotten that naturalists deal with an enormous 
number of facts, and as multitudinous a series of 
named plants and animals ; thus technicalities like 
the merchants' assortments civej) in, and begot 
terms in science not to be dispensed with, how^over 
much we wished. It is of the greatest importance, 
notwithstanding, that the spread of knowledge l)e 
not hindered by what, after all, is but the frame- 
work. 

Besides the sponges of commerce, there are a vast 
number of other types — only met with, liowever, in 
museums, or occasionally as oniamonts. Of these, 
it is not intended hero to say more than that some 
contain much lime, oth(u*s flinty material, and those 
like oui* common sjKUige, a homy substance. These 
distinctive skeleton characters, therefore, yield as 
many divisional Orders — viz., Calcarea, Hilicea, 
and Keratosa ; though naturalists are by no 
means unanimous in ado])ting this grouping of 
the lowly-organised but nevertheless interesting 
Class, Spongida. 


A VISIT TO A QUARRY. 

By B. 13. WooDWAim, Bkitish MusErM. 


O UR knowledge concerning the various rocks 
which comi>ose the crust of the earth, has 
been derived from a careful study of the diflbrent 
beds exposed in the many sections, both natural 
and artificial, that are more or less abundant in all 
countries. The cliffs that fringe the sea-shore, or 
overhang the banks of some rivers, and the inland 
olifi's or “escarpments” that form such prominent 
features in many of our landscapes, are examples 
of natural sections ; whilst among the artificial we 


may enumerate quarries, railway-cuttings, deep 
well-borings, (fee. All the beds shown in such a 
section as that figured in the Frontispiece are not 
found at one place. Some are sure to be absent; 
but all bear the same relative positioft to the others, 
no matter how few or how many are found. 

In our own coimtiy a greater number of different 
beds, or sels oi beds, occur than are, probably, to 
be met with in any other tract of similar extent, 
and a fair knowledge of their nature and fossil 
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contents may be derived from tlie various rocks 
exposed in the faces of clitfs on our coasts ; but the 
closest inspection of these sections would not enable 
one to trace out the direction and extent of the 
beds inland, which can be correctly ascertained only 
by consulting numerous quarry and other artificial 
sections, aided by a careftil study of Uie physical 
features of the country. 'Then, again, beds of the 
same age may, in different localities, consist of 


will have its different readings and renderings of 
cei-tain passages, whilst they all \gree in the main 
facts stated. 

How the geologists manage to coax— or rather to 
hammer — sermons out of stones, is to some a pro- 
found mystery, whilst othei-s treat the whole 
matter with the most supreme contempt, for to 
them a stone is merely a stone, and a quarry a pit 
in which men are at work cutting out and carting 



Pig. 1 — Vjlw or A QtAKur “Section*’ oe Cuttino 


entirely different materials, such as limestone in 
one place, clay in another, and perhaps sandstone 
in a third. An observer going from one to the 
other would be most likely to set them down as 
altogether distinct deposits ; whereas an examina- 
tion of the intermediate rocks exposed artificially 
in quarries, and their fossil contents, would enable 
him to trace the connection which really exists 
between them, and to demonstrate the identity of 
their age. 

Ipesides, however, conveying especial information 
of this description, each quarry has its own version 
to give of the chapter of geological history that it 
illustrates ; just as each copy of an ancient work 

9 


off the rocks for various ])urpo&es. Passing by 
these latter, we will ask our mystified friends to 
accompany us by that safest and most easy method 
of transit, a flight of imagination, to the nearest 
quarry, of which a detailed view is here given 
(Fig. 1), where wc will endeavour to initiate them 
into the secret of how to read the great stone 
book of nature.'' The same means that convoyed 
us to the quarry has also fumished us with the 
requisite apparatus for pursuing our investigations 
— namely, a hammer, with one end of the head flat 
and square, and the other produced into a pick ; 
a cold chisel, a pocket lens, a compass, a bottle 
containing acid, and a bag in which to put any 
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specimens that we may wish to carry away with 

us. 

As we stand thus equipped looking at the wall 
of the quarry which faces us, the first thing we 
notice is, that it is built up of a series of beds or 
“strata” I’esting one on the top of the other. Of 
these, the two uppermost are nearly horizontal, and 
for the pi-esent may be left out of the question. The 
rest ai'e inclined at a considerable angle, and slope 
down to the left. Consulting the compass, we find 
that we are looking almost due west, consequently 
the beds slo^w down — or, to sj>eak geologically, 
“ dip to tlie south. The necessary result of this 
dip in the stmta will be to cause the beds which 
are at the bottom Lore to come to the surface a little 
further north ; and, on the other hand, to the south 
we should exj)ect to find other and newer beds 
<*oming in and resting on the top of these. Origin- 
ally, of course, they were all horizontal, that being 
the position in which they were deposited ; but 
afterwards, owing to movements taking place in the 
crust of the earth, were tilted up as we now see 
them. Had it not been, therefore, for disturbances 
of this kind bringing the underlying rocks to the 
surface, none but the newest would be within our 
roach ; whilst of the oldest — as, for instance, the 
Silurian and Cambrian {vide Frontispiece to tins 
volume) — we should have known absolutely nothing 
whatever. 

The next thing in the “section” that strikes the 
eye, is a large crack running down in a vertical 
direction through these inclined l)ed8, which at 
first sight api>ear to terminate abruptly on I'eaching 
it, for they liave evidently no connection whatever 
with those immediately opposed to them on the 
other side of the fissure. A second glance, however, 
shows us that tlie sauie series of deposits occui*s on 
either side of it, but that the i*elative level of the 
beds differs, those on the northern side of the 
fisssure being some feet lower than the corrcsi)onding 
ones on tlie southern side. It is perfectly cleai' that 
they must formerly have been continuous, and that 
subsequently tliey were fmetured at this |X)iut, and 
the northern set let down some eight or ten feet, 
bringing with it a portion of a higher bed (A), of 
whicli we should otherwise have had no trace in 
this section. 

Dislocations of this kind are termed “ faults ; ” 
they are of common occurrence, and in some 
cases the vertical displacement of the l>eds can 
be measured by as many yards as inches in the 
present instance. They often give nse to striking 
physical featui’es, as they afford lines of weakness 


along which the rains and frosts can act and cut 
out valleys for rivers to run in. 

But we have been stopping long enough at the 
entrance. Let us now make our way down to 
the section and see what all these different beds 
are made of, and what is the history that each 
has to tell us. 

The bottom bed (a) you will recognise at once, 
A pure white limestone, with layers of flint nodules 
at tolerably regular intervals, it can only be the 
well-known chalk. Microscopic examination has 
shown that the chalk is almost entirely composed 
of myriads of minute shells belonging to small 
beings, low down in the scale of life, known as 
rhizopoda or foraminif&ra (p. 14.) Now, these 
same little rhizopods swarm in the Atlantic 
Ocean at the present day, and their dead shells 
are forming at the bottom of that ocean a de- 
ix)sit pi-ecisely similar to the chalk, to which we 
are therefore perfectly justified in ascribing a 
like origin. The way in which the flints were 
formed is still a moot point; but the most pro- 
bable explanation apjK'ai’s to be that the water 
of the chalk sea every now and again accumulated 
more flinty matter in solution than it could hold, 
and was tliei'efoi’e conqjelled to part with it, which 
it did by precipitating it to the bottom, whei’e, 
when there was sufiicient, it spread out in vast 
sheets ; more generally, however, the flinty material 
collerted in nodules around any decomi)osing orgauh} 


matter that lay half-buried 
in the soft sediment, to- 
waixls which it was at- 
tracted by cei*tain chemical 
laws. And this is the I'ea* 
son that fossils are so often 
foiuid imbedded in flint 
Numerous fossils also occur 
scattej'ed throughout the 
chalk — lamp -shells, sea- 
urchins, star-fishes, sharks* 
teeth, &c. One of the 
quany-men is coming to- 
wards us with a hat full 
of these fossils; they pick 
out those they come across 
in the coui’se of their 
work, and take the earliest 
oi)i)ortunity of selling them. 
Here are two of the com- 
moner kinds of the echiruh 



Fig. 2 — rossil See-UrebiM. 
(a) itnancbyfMovotiM^iiide 
View and Ba«e of toe 
6h^; (b) Mtcragter cor* 
anguiv urn . (After LyeU ) 


dernis or sea-urchins (Fig. 2), and here is a shark^s 
tooth (Fig. 3). The fossil you hold in your hand is 


A VISIT TO A QUARRY. 


67 


Fi*. a —Tooth 
of an esttinct 
Shark. 


a ‘‘belemnite” (Fig. 4) ; it is part of the internal 
bone, or pen, of a species of cuttle-fish that lived 
in the chalk sea. The country j>eoplo call them 
*Hhunder-picks,” or ** thunderbolts.” 

A Having picked out what we want of 
these, together with some specimens 
of the lamp-shells (Fig. 5), we will 
wrap them carefully in paper to 
prevent their rubbing together, put 
them in the bag, and then continue 
our exjdoration of tlie section. 

The upiKJr surface of the chalk, we find, is not 
perfectly even, but is worn into slight hollows ; and 
resting on this slightly uneven surfiico is a bed of 
flints (b)f about one foot thick. You can see 
that they have been washed out of the clialk ; still, 
they do not seem to have been much rubbed, and 
therefore cannot have been carried far ; but they 
neverthelcRB represent several feet of chalk entii’oly 
removed, so that a kind of gap exists between the 
chalk and the overlying deposits. It is not so 

great a break as one 
we shall come to pre- 
sently, but still, there 
it is, indicating that 
some disturbance or 
other took j)lace in 
the i)hy8ical condi- 
tions at this point, 
the results of which 
will be shown in the 
changed nature of 
the overlying beds. 
Trifling as it appears 
to the eye, this break 
is one of great impor- 
tance ; for if you will 
consult the table of 
strata in the Frontis- 
piece, you will find 
that with the chalk the “ secondary ” rocks end ; so 
that at this point we pass from one great division 
of the earth’s strata to another, and at the same 
time from one great group of fossils to another, in 
which the forms of life are much nearer to those of 
the present day. 

Resting on this bed of flints is a deposit of fine 
light-coloured sand (c). It affords no trace of 
a fossil, and if any shells ever were buried in it, 
they probably disappeared long ago, as beds of this 
sort allow the rain-water to percolate through 
th^n. Now, as rain-water generally contains acid, 
it dissolves the shells, so that unless the sand is 



Fig. 4. — (a) Belomnite from the 
Chalk; (b) Belemnite restored. 
(After D’Otiiigny.) 


pretty firm, not even a cast of them is left. Yet. 
from the api)earance of the san I itself, we can tell 
that it is a marine deposit formed at no great 
distance from land. 

The next bed (d) we find to consist of rounded 
black flint-pebbles, packed closely together, the 



Pig. 5.— Fossil Lamp-Sholls (Terebratula). (After Lyett.) 

interstices being filled with sand. These pebbles 
have a rough bedding or “ stratification ” of their 
own, which runs at all angles to the direction of 
the bed itself, crossing it sometimes in one diicction 
and sometimes in another, and giving rise to the 
appearance known as “ false- bedding.” Now, in a 
sea-beach the stones are of all sizes and shapes. 
Borne ai*e freshly broken, others are slightly rolled, 
the sharp edges being just worn off, and so on down 
to those that are quite smooth and perfectly rounded. 



Fig 6.— EBtiiaxine Shells from the Lower Miooene. (a) Oyrem 
cuneiforvMe ; (6) Melania inqaiHata, 


But in this deposit all have been reduced to the 
kidney-bean sha|)e, so that this is not a mere beach 
deposit, but must have formed a shingle-bank a 
little way out to sea, in reaching which all the 
pebbles would get thus rounded and ground down. 
The appearance of “false-bedding” is due to the 
action of the waves and currents that piled them 
up. See, here is a shark’s tooth amongst them, 
so those voracious creatures could not have been 
far off at the time ! You will, however, be hardly 
likely to find much else there, so wo will proceed 
without further delay to the next bed. 

This is a mass of black clay (e). On the outer 
surface it has, by exposure to the weather, become 
hard and diy, but romains quite moist and plastic 
beneath. From top to bottom it is full of shells, 
arranged in layers. As the clay is impervious to 
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the passage of water, they are capitally preserved, 
except on the outer surface of the bed, where they 
have been subjected to the destroying action of 
rains and frosts. Some good sjHJcimeus are easily 
procurable, and by packing them in a box with 
some dry sand wo can convey them home in safety. 

The shells shown in Fig. 6 belong to the class 
of molluscs that love to dwell in the mud at the 
mouths of large rivers, where the water is brackish. 
The clay, too, is exactly such as would l>e formed 
from the fine sediment brought down by some large 
river to the sea, and there depositt^d on the bottom. 
Hence we infer that this bed of clay is nothing more 
than the dried and pressed-down mud of some an- 
cient estuary, whose turbid waters flowe<l over this 
spot in bygone ages. Before imssing on, however, 
we must pause a minute to notice a ridge that juts 
out about the middle of this deposit, and is continued 
along its entire length. A tap of the hammer soon 
reveals its nature. Packed as closely as possible, and 
dovetailing, so to speak, into each other so as to 
form a hard band, are countless shells of oystei’s, 
often with both valves united just as they grew on 
the spot. As they prefer sal ter water than the 
other shells, they*|X)int to a slight change in the 
physical conditioiis at this stage, wh(*reby the sea 
was enabled to gain slightly ovci' the river, driving 
the estuarine sliells back, and allowing the oysters 
to settle here, till a i*eturn of the [)revious conditions 
re-established the former occui)ants in their old 
quaiiiers. 

A somewhat difibreiit state of aflairs is denoted 
by the succeeding foimation (/). It is also a clay — 
very sandy, with thin seams or “ ])artings ” of pure 
clay. Its general colour is light-brown, and no 
shells are visible in it. By breaking oft* ma.ssps, 
and splitting them along the seams, the 'suriaces 
thus opeiu'd display a number of darker brown 
marks, which, when examined with the pocket l^^ns, 
prove to be vegetable matter. 

Small stems and the seeds of water-plants are 
abundant, whilst cai-eful search is rewarded by the 
discovery of the i)erfect leaves of trees, which, if 
not identical with, are closely allied to some existing 
forms. The sandy nature of tbe deposit, and the 
presence of these vegetable remains, lead us to sup- 
2)ose that it accumulated nearer to the shore than 
the last, in quiet and tolerably shallow watei*s, out of 
the main current of some river. Tliis stream was 
probably the same which fumislied the black mud 
for the underlying l)ed, and which by this time had, 
owing to the seaward advaiice of the land, to carry 
its finer sediments further down, and only left here 


the heavier particles of mud and sand^ and the 
waterlogged twigs and leaves of trees. At one 
period, however, the watei's must have receded, 
leaving a swamp or marsh, in which various kinds 
of plants grew in abundance ; for near the bottom 
of this bod a2)pears a dark seam of ‘^lignite,” 
aa it is called. If you examine a piece of this 
lignite under the lens, you will find that, like coal, 
it is entirely made up of vegetable remains pressed 
close togetlier. Now, when vegetable matter buried 
in the earth is kept moist, and the air excluded, 
it commences to decompose slowly, arid gives off 
carbonic-acid gas, thereby 2)arting with a |K)rtion of 
its oxygen. By this means, it becomes gi’adually 
convetted into lignite, and when this process of 
decom2)osition continues, the lignite is changed by 
degrees into common coal. So that the lignite is 
merely coal in an early stage of its formation (p. 87 ). 

Succeeding this sandy clay with jdant-x'emains, 
is another pebble-bed (y), similar to the one we 
jxassed a little lower down, only tiie ])ebbles are 
much hirg(*r and more oval in shajje. showing that 
this shingle-bank was nearer the shore than the 
other. Here, too, amongst the stones at the bottom, 
aie some shells of the same ty|>e as those in the 
black clay. A fresh inroad of the sea must, there- 
fore, have taken j)lacc, and a shingle-bank been 
formed oft* the mouth of the river. 

Above this, again, is the formation (h) which, as 
we had occasion to observe, was i>i'eserved to us 
through the occun’eiice of the fault at this spot. It 
is a dark-brown clay, dry and crumbly on the out- 
side, becoming darker in colour, and stiffer, as you 
dig into it. That whitish, translucent substance that 
you have just picked out of it is the mineral called 
** selenite.” A navvy would tell you that it was 
water ** congealed by the moon ; ” it really is the 
crystalline form of sulphate of lime, and the crystals 
occur in clusters, radiating from a centre, falling 
a}>art when you attemj)t to excavate them. Tliese 
clusters are all that remain of the fossil shells, once 
iiftbcdded in the clay, that have luidergone chemical 
change, and passed into this new fomi. You can 
readily sjdit it with a knife, in one direction, into 
slices as thin as jxaper; but try and cut it in a 
direction jxei^ndicular to this “ cleavage-plane,” 
as it is termed, and you will not be able to force 
the blade through it. 

Only the two topmost layers now remain to be 
considered. Tliese, as we saw before, ai-e not 
affected by the “ fault,” nor do they dip to the south 
like the underlying strata, but rest in an almost 
horizontal position on the upturned edges of the 



A VISIT TO A QUARRY. 


latteri which in places are worn into great hollows. 
A considerable period of time must therefoi’e have 
elapsed between the deposition of the underlying 
beds and these two upper ones : a period sufficient 
to allow of the former being tilted up and faulted/' 
and the surface of the ground levelled before the 
latter were thrown down on them, all of which 
movements were effected by slow degrees, and not 
by any violent convulsions of nature. 

In order to get some idea of the length of time 
thus consumed, it will be necessary to ascertain in 
the first place the geological age of tlie undeidying 
inclined beds, and then that of the two hoiizontal 
ones. 

Now, the sands, gi^avels, and clays which we 
have just been examining overlie the chalk, and 
are therefoi'e newer than it. The clialk, we leanit, 
was the uppermost bod of the “ secondary ” series, 
so that these sands, &c., must oe of “tertiary ” age. 
The fossils they contain inform us that they belong 
to the lower portion of the lowest division of the 
tertiaiy series ; a conclusion wliicli we might 
have expected, though it did not of necessity follow, 
from their position with regard to the chalk. 

So much, then, for our first point. Now for the 
second — the age of the topmost beds. To solve 
this, we must ascertain wliat they ai*(% and inquire 
somewhat into tlieir history. 

The lower of the two (1) is cleai’ly a gravel, and 
the upper (k) a clay full of big stones. The gnivel 
is very diflerent from the pebble-beds we saw just 
now. Instead of rounded flint-pebbles, it consists 
mainly of angular stones, and, while most of them 
are flints, there are also a great number of other 
stones derived from rocks of altogether a difierent 
sort to those found round about hero. Further- 
more, they exhibit no sign of being spread out by 
water action ; there is no trace of any stmtification 
whatever ; they lie all jumbled together “ anyhow,” 
with here and there a mass of sand let in bodily. 

A similar want of arrangement characterises the 
clay ; there are no layers in it ; it is one uniform 
mass from top to bottom ; the big stones are scat- 
tered promiscuously throughout it in all sorts of 
positions ; and it is so full of pieces of chalk, from 
the size of a hen’s egg down to the smallest imagin- 
able grains, that it has a whitish tinge. Break 
open some of these big stones or “ boulders,” and 
you will find that they are fragments of many 
different rocks. There are granites, basalts, and 
limestones of all ages. You can tell the lime- 
stones in a minute, for they can Ihj scratched with 
a knife, and a drop of acid put on them begins 


immediately to ‘‘ fizz.” Many of these bouldjors are 
flattened and smoothed on one side, and covered 
over with long parallel scratches. 

What, tlien, can have produced all these seveml 
results] And how were all these various stones 
brought together ] There is only one agent known 
that could have performed all this work ; that agent 
is — ice. 

The sand and gravel was floated hither from some 
sea-beach, frozen in blocks of coast-ice, which strand- 
ing and molting deposited them at this spot ; the 
boulders, detached by frosts and snows from their 
parent rocks, were smoothed and scratched by being 
fixed in masses of ice and ground against other 
rocks : ultimately they were floated down here on 
icebergs, and dropped into the glacial mud, which 
itself was formed by the wealing action of divers 
forms of ice upon the land fp. 38b 

To geologists these beds are known as “drift,” 
and, with the exception of the valley-gravels and 
alluvium, they arc the most recent of the sedimen- 
tary rocks, as you will see by referring once more to 
the table of stmta shown in the Frontispiece. 

We Inne tlius solved our second problem, and 
are now in a jx>sition to gain some notion of the 
immense bi*eak in time lietween these glacial drifts 
and the strata they rest on in tliis quarry. It can- 
not be estimated in years, or even hundreds of yeara, 
for it is im|X)ssil>le to foi*m any accumte conception 
of the rate at which any given deposit accumulates ; 
but we may be able to form some faint idea of its 
vastness when we realise the fact that this gap is 
elsewhei’e filled by beds some hundreds of feet in 
thickness, belonging to tlie Miocene and Pliocene 
epochs ; that the great mountain-ranges of Euixiiie 
attained their present elevations, by receiving an 
ad<Utional upheaval of several hundred feet ; and, 
finally, that all the main ]diysical features of the 
country were mai’ked out in this interval, during 
the greatt^r part of which this sj)ot was, perhaps, 
dry laud. 

Here the record of the rocks in this quarry ter- 
minates. The neighbouring river takes it up and 
canies it on down to the present date; it could 
tell of the rude savages who dwelt on its banks in 
prehistoric times, and fashioned weapons of flint 
and stone, with which they fought or hunted the 
huge wild animals that roamed about. With these, 
however, we have on the present occasion nothing 
to do, and so turn homewards, laden, it is to be 
hoped, with some additional weight of knowledge, 
as well as the more tangible burden of fossils for 
the cabinet ; reflecting by tiie way ou the things 
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we have learnt from this visit to a quairy : — How 
that the past history of our earth, as related by 
geologists, so far from being a mere baseless myth, 
is a true account, foimded on sound reasoning, 
and only to be learned by a diligent study of the 
phenomena in constant operation around us, and a 
careful application of the knowledge thus deiived 
to the facts famished by the various deposits — a 
process not more mysterious than the train of 
arithmetical reasoning by which we ascertain that 
two and two make four. We learn that the ground 


beneath us must have been formed at the bottom of 
sea, lake, and river, the particles of which it is 
conijicsed being the results of the wearing away of 
some still older land-surface by the agencies of rain, 
frost, wind, &c., and the transporting powers of 
running water and floating ice. And now, when we 
next chance to light on a quarry of any description, 
instead of simply speculating as to the origin of the 
rocks we see in it, we may be able to set practically 
to work to obtain the information we desire con- 
cerning theuL 


AIR AND GAS. 

J. K. H. Gokuon, B.A , IMS'rE. 


W IIAT does common observation teach us of the 
proi)orties of air ? Very little indeed. In our 
study of the machinery of the air we have not many 
common phenomena to guide us, as we have in 
the case of ice, water, and steam (see p. 28). Every 
one knows that ice melts when heated, and that hot 
water gives off steam ; but in our pi’esent inquiry we 
have very little to start with. 

We all know that when air is in rapid motion it 
exercises pressure. 

Any one who has ever popped ” a paper bag 
knows that air, although it can bo compressed, 
resists compression, and, in fact, presses out 
against the compressing force. We all know that 
air expands when heated — at least, every one who 
has noticed that hot air ascends will see by a little 
thinking that this means that a given weight of air 
occupies a greater space when hot than when cold. 

In this pajier we ai’e going 1o explain some of 
these properties of air, and some other properties 
analogous to them, which will help to make their 
causes clear; to describe the effect of changes of 
pressure and tem}^rature upon air and gases ; and 
finally, to state the mechanical theory which we 
have strong grounds for believing to be competent 
to explain all the preceding phenomena. 

For the present we will confine ourselves to 
atmospheric air, as it is the gas which is most con- 
venient to experiment on, and, as we shall see, the 
properties which it possesses are common to all 
gases. 

That air has weight may be shown by a very simple 
fuq>6iiment (Fig. 1). From a large flask closed by 


a tap the air is pumped out. The tap being closed, 
the flask is placed in one pan of a delicate chemical 
balance, and counterpoised exactly by weights in 
the other pan. If the tap now be turned, and the 
air admitted to the flask, it will be found that the 
pan containing the flask sinks, and that more 
weights have to be added in the other pan to 



Fig. 1 -Experuuent to show the Weight of Air. 


counterpoise it. These added weights are equal to 
the weight of the air which had been previously 
pumped out of the flask. 

The weight of 100 cubic inches of dry air at a 
temperature of 62 “ Fahr., and when the barometer 
stands at 30 inches, is about 31 grains. The same 
volume of hydrogen gas under similar circiunstanoes 
would weigh 2*14: grains. 

It may be added that water is 771 times heavier 
than air at the ordinary pressure of 30 inches, while 
bolJi are at 32'* Fahr. 
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We know that air can be oompressed, and that it 
resists compression. An air-cushion is compressed 
a little when a light man sits on it, and a great deal 
when a heavy man does the same. We also know 
that the pressure of air increases as it is heated. If 
we blow a bladder full of air, and, having tied up the 
neck, place it in front of the fire, the pressure 
inside will increase, the bladder will swell, and 
when it can stretch no further it will burst. 

Before we go on to examine the laws illustrated 
by the above phenomena, we must try and realise 
what is the essential difference between a liquid and 
a gas. 

If we put a small quantity of liquid into a large 
bottle, the liquid will not fill the bottle ; it will fill 
the lower part of the bottle, and thei’e will be a 
level line at the top of the water. If, on the con- 
trary, we take the largest possible bottle, and intro- 
duce into it the smallest possible quantity of air, or 
other gas, that gas will entirely fill the bottle; tbei’e 
will be no line of separation, and we shall not be 

able to say that 
there is more gas in 
one iK)rtion of the 
bottle than thei'e is 
in another. 

A gas may, then, 
be defined to be, 
Matter in that state 
in which the smallest 
lK)rtion of it will 
entirely fill the veiy 
largest jwssihle coii- 
Fjg 2 . -Au-Pump. tjlining-vessel. In 

other words, gases 
have a tendency to indefinite expansion, which is 
limited only by the sizes of the vessels in which 
they are contained. 

If we have an air-pump (Fig. 2), with several 

pressure-gauges ” attached to different parts of it, 
and if, after pumping out the air, we i^e-admit a 
small portion through any opening, all the gauges 
will rise equally; showing that the air hjis dis- 
tributed itself uniformly in every jiart of the re- 
ceiver. 

We have said that if we increase the pressure of 
air, we dimmish the volume. The question arises at 
once. How much diminution of volume will be 
produced by a given increase of pressure ? 

The' question has been answered experimentally 
by Boyle and Marriotte, who worked independently 
and obtained the same result. 

A tube of the form shown in the figure (Fig. 3) 




Fig 3 —Barometer 


has a funnel at the top end, and has the short end 
closed by a tap. The tap being opened, a little 
mercury is placed in the tube so as to fill the bend 
The air in the short arm 
is now at the same pres- 
sure as the external at- 
mosphere. The tap is 
now closed, and more 
mercury is i)oured into 
the long end. 

The mercury rises a 
little in the short end, 
but is prevented from 
rising much by the re- 
sistance of the air iin- 
pi isoned ; the height to 
which it rises shows how 
much the air is com- 
pressed. Foi* instance, if 
from the f)i*st level of 
the mercury to the top of the shori tube were six 
inches, and the mercury rose three inches, it would 
he sliown that the air had been compressed to one- 
half its former volume 

The heiglit of the long column of mercury, or 
rather the difierence of level between the mercury 
in the long and sboi’i tubes, sliows tlie pressure to 
which the gas is being subjected. By observing 
the compression at a number of different }>ressure8, 
the experimenters were enabled to enunciate the 
following law : — 

“ When the temiierature remains the same, the 
volume of a given quantity of gas decreases in the 
same jiroportion as the pressure increases.” 

This means that, if we double the pressure, we 
halve the volume ; if we treble it, the volume is 
oiie-third ; if we qiiadinple it, one-fourili, and so on. 

The same law holds for the expansion of air when 
the pressure is less than tliat of the atmosphere; 
but it is unnecessary to occupy our space by giving 
the modification of the above oxi>eriment by which 
the fact is established. 

A necessaiy “ corollary ” of the above is, that if, 
instead of dirainisbing the volume, we double the 
quantity of air in a given vessel, we double the 


pressmtJ. 

Profeasor Rankino’* has stated this law in 
another form, which places it in a veiy clear light 
He says : — “ Let us take a closed and exhausted 
vessel, and introduce into it one gi’ain of air. This, 
we know, will exert a certain pressure on every 
portion of the sides of the vessel. If now we 
• Quoted by Clerk Maxwell (** Theory of Heat,” p. 27). 
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introduce a second grain of air, this second grain will 
exert on the sides of the vessel exactly the same 
pressure as it would have done if the firat grain had 
not been there before it. So the pressure will now 
be doubled, because the two grains together exercise 
double the pressure that either would have exercised 
separately.” 

Tlius each j)ortion of gas in a closed vessel exerts 
the same pressure against the sides of the vessel as 
if the other portions had not been thc^re. 

The total pressure is the sum of the pressures 
exercised by all the different portions, or, in other 
words, is proportional to tlie (piantity of gas in the 
vessel ; that is, tliat if, for instance, we have 3 oz. 
of gas exercising when alone a pressure, we will 
say, of 30 lb. to the scpiare inch, and we add 2 oz. 
— which, if alone in the same vessel, would have 
exercised a ju’essun* of 20 Ib. to tlio s(piare inch — 
the total presKuro due to them both together is 
50 lb. to the square inch ; that is, it is the amn of 
the pressures duo to each portion. 

The quantity of gas in a vessel of unit volume is 
called the “ density ” of the gas. 

This may also be expressed by saying that the 
density of the gas in any vessel is equal to the 
quantity of gas divided by the volume which the 
vessel will contain. 

Wo may now say the density of a gas varies 
directly as the pressure, and th(» pressure exerted 
by any given gas varies directly as its density. 

A little consideration shows that the proposition 
about the increase of pressure exerted by the gas 
when the volume is reduced is a necessary con- 
seciuence of tliat about the diminution of vohime 
when the pressure is increased, for when equilibrium 
is established, the outward pressure of the gas must 
be equal to the inward pressui'e exercised by the 
external forces upon it. 

The same law holds for mixtures of different 
gases as holds for simple gases, for if a grain of one 
gas be put into a closed exhausted vessel, and then 
a grain of another, each will inde{)endently exercise 
its own pressure, in the same way as if they were 
two portions of the same gas. 

What is called “ Charles’s law ” is this : — Gases 
expand when heated. Charles discovered that at 
any pressure whatever, so long as the pressure is 
constant, the expansion produced by a given increase 
of temperature is constant, and the same for all 
gases. If at any pressure the volume of any gas 
whatever at 32® is unity, then, if tlie pressure 
remains constant, the volume at 212® will be 
1-3665. 


That is, 30 cubic inches of air at 32® will expand 
to about 41 cubic inches at 212°; and this law — 
namely, that the expansion caused by a given rise of 
temperature is constant — has been found to be true, 
not only for the range of temperature between 
32° and 212°, but for every other temperature at 
which it has been hitherto tested. 

Another way of stating this law is that, when 
not allowed to expand, the pressure of a gas 
increases by an equal amount with each degree 
by which its temperature is raised. 

We have hitherto only stated a number of 
empirical laws about gases. We now proceed to 
the theory, which shows that all these, and many 
other j)henomena, are necessary results of one simple 
natural fact, anrl further Wv3 shall be able to deduce 
from the tlieory facts about the internal constitution 
of gases which must for ever i-emain insensible 
to direct ex|)eriment. For if it, as in this case, 
is found that a theory exjdnins every phenomenon 
out of a vast number observed, and contradicts 
none, we are justified in eoiisid(*ring things to be 
proved wliich are necessary consecpienees of the 
theory, even when, as has been already stated, they 
can never he put to the test of dir(*et cxj>erimont. 

Prefacing, then, that the separate very small 
portions of which gases and otlier forms of matter 
are composed, are called moleculea^ we may briefly 
state the “ kinetic theoiy ” of gases as follows : — 
The molecules of all gases are in a state of rapid 
motion. They constantly strike each other and the 
sides of the vessel. The blows on the sides of the 
vessel form a continuous boinbai-dment, and the 
bombardment is the pressure which the gas exer- 
cises on the sides of the v(‘ssel. 

Now, as an illustration of the fact that a bom- 
bardment may produce a continuous pressure, let us 
take one of the machines seen at fairs for determin- 
ing how hard one can hit. It consists of a cushion 
j)ressed forward by a spring. The blow compresses 
the spring for an instant, by an amount depending 
on the hardness of the blow. In the case of a single 
blow the compression is only instantaneous. 

If, however, we had an immense number of men 
all hitting at once at a very big machine, but not 
keeping time, the spring would be permanently 
compressed — t.e., the effect of the shower of blows 
would be to produce a steady pressure on the 
cushion. The amount of this pressui-e would be 
equal to the average strength of each blow multi- 
plied by l^e average number which fell at once. 
When we are dealing with immense numbers, the 
law of averages approaches more and more nearly 
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to absolute exactitude. The error which we make 
in saying that the pressure of a gas whose tempera- 
ture and volume do not alter is absolutely constant, 
is far smaller than the finest instruments ever 
likely to be invented could detect. 

The actual pleasure of a gas at any instant is 
seldom mathematically equal to the mean pressure, 
but the oscillations on each side of the mean pres- 
sure are of so exceedingly small an amount, and last 
each such an exceedingly small fraction of a second, 
that no experimental method can ever be exi3octed 
to show the least difierence. 

The molecules, in their j^mth from one side of the 
vessel to the other, are constantly striking other 
molecuh‘8, and by rebounding have the diicctions 
of their motions changed. Now, it is by no means 
necessary that any molecule should strike another 
in its path across the vessel, for the average free 
space between two molccuh'S is several times the 
average thickness of a molecule. We can only say 
that, owing to the enormous number of molecules, 
and their great V(‘locity, such a tiling as a molecule 
getting across a \esscl without striking another is 
veiy unlikely. It is much more unlikely that a 
large number — say half the molecules — should cross 
the Aessel in the same dii'ection without striking 
liny other mohnuiles. 

Jt is, however, ])<u*fectly possible physically. Let 
us consider for a inouieiit what would be tlie eftect 
of half tlu‘ molecules of air in a glass bottle simul- 
taneously travelling to one side of the bottle, and 
the other half to the other, without any collision on 
the way. The total blows struck on the sides would 
be so jMDwerful that the bottle would bo instantly 
blown to atoms. 

I need not say tliat sucli an event as a bottle of 
cold air exploding has never occurred, but the r(»a- 
son why it has not is only that the chances against 
the necessary ari’angement of the molecules taking 
place are so great that they are pnictically infinite. 
There is no physical reason against such an occur- 
rence. 

This theoiy at once explains Boyle and Mar- 
riotto’s law ; for the pressure of a gas is proportional 
to the strength of the average blow of each mole- 
cule multiplied by the number of blows falling in 
a second. If we double the number of molecules 
by doubling the quantity of gas, wo do not affect 
the hardness of the blows, but we double the 
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number |^er second, and hence double the above 
product — tlxat is, we double the pi’essmxs 
Now, this is the law which Boyle and Marriotte 
discovei'ed exi)erimentally^ Again, the law of 
Ohai'les. It can be shown by the theory that the 
temperature of a gas depends in a particular way 
on tlie average velocities witli which the molecules 
are moving. Also the theory shows that the average 
blow depends, in the same way^ on the velocities 
with which the molecules are moving.* 

Hence, the theoiy shows tliat the avei'age blow 
varies directly with the temi)erature. 

Now, if without altering the number of mole- 
cules — that is, without altering the quantity of gas 
in the vessel — we increase its tompemture, we shall, 
according to the theory, cause an inci*easc of pres- 
sure proportional to the increase of temperature, for 
the pressure is : — The average bJow multiplied by 
the number of blows. Doubling the average blow 
then don))les the pressure. 

But this is one form of the law of Charles 
))reviously discovered experimentally. 

The theory has stood the test of experiment in 
many other cases which arc too complicated to bo 
explained here, and it may be considered to l>e com 
pletely established. 

Mathematicians have therefore been justifi(jd in 
going on to deduce from tlie theory pi’opositioiis 
about the motion of tlio molecules which cannot 
be tested dii’ectly by experiment. 

The only one which we shall give hero is tlio 
deduction of the mean velocity with which tlio 
paiiiicles of hydrogeui gas at rest under tlie ordinary 
atmospheric pressure, and at a temperature of 32*^ 
Fidir., ai-c moving. 

It is found that the average velocity is about 
6,007 feet, or nearly miles, |)er second.f 
Thus we see an example of a strictly scientific 
process. A theory has been tested by its accordance 
with known facts, and has Ijcen applied to measure 
with absolute accuracy the velocities of molecules sc 
.small that millions of millions are contained in n 
cubic inch, and which are moving some 60 or 70 
times as fast as the swiftest railway-train that ever 
ran. 

* Both depend on the square of the velocity. Sec Maxwell, 
on “Theory of Heat,” ch. xxii. 

t This quantity, which is nearly the average velocity, is the 
exact square root of the mean of the squares of the velocities. 
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SOME ANIMAL HISTORIES. 

By Anduew WiLbON, I’h.D., F.R.B.E., etc., 

Lecturer on Zoology in the Edinhu/rgh School o/mdtcinc, and Examiner in Natural Ihstory and Botany in the University oj Glaegov), 


1HERE are few reaclei's who have not regarded 
with interest the dcveloi)ment of a butterfly, 
or who have not some idea of the curious series of 
changes through which 
that insect and most 
of its neighbours })as.s 
during their develop 
nient, and before they 
attain the adult state. 

Tlie school-boy who 
keeps * ‘ silkworms ” 
can tell us that after 
a period of tolerable 
activity these some- 
what phlegmatic pets 
will fall into a state 
of stupor, from which 
they wake up only to 
spin a silken thread, 
and (Fig. 1) to invest 
themselves in a literal 
tomb. But the silk- 
worm^s history, as 
every one knows, ends 
not thus. After a 
period passed within 
its cocoon, to all out- 
ward appearance in 
dull, passive inac- 
tivity, the creature 
wakens up to newness 
of life. ITie cocoon 
bursts open, and there 
issues therefrom a 
creature utterly dif- 
ferent from the one 
which entered the silken abode. Then, we beheld 
a worm-like animal, whose whole existence was 
occupied in an intense devotion to its commissamt, 
and whose neighbours, in their too exclusive atten- 
tion to the leaves in our gardens, caused wrath and 
dismay to prevail within the gardener's mind. 
Now, we see the silk-moth, a winged creature, full 
of activity, which bursts its cerements and takes 
instant flight as if eager to test its new-born powers. 
If we watch the development of a butterfly we shall 
be still more forcibly impressed with the differences 
which ore seen to exist between the early and the 


mature condition. The caterpillar, gi’ub, or larvctj, 
of the butterfly, like the silk-moth's ancestor, is 
developed from one of the numerous eggs which its 

parent deposited as it 
flitted over the plants- 
of the garden. Like 
tho grub of its near 
relation — the silk- 
moth— this butterfly- 
larva spends its exis- 
tence in nourishing 
its worm-like frame. 
Wliilst the perfect in- 
sect possesses a mouth 
adapted for drawing 
from the inmost re- 
cesses of flowei’s the 
rich stores of sweets- 
which are theivin 
formed, treasured, and 
concealed, its cater- 
pillar-young is pro- 
vided v/^ith a mouth 
suitable for tearing 
and triturating tho 
leaves and other plant- 
tissues on which it 
feeds. The internal 
structure of the larva 
also diverges widely 
from that of the per- 
fect insect; and it is, 
as we have seen, wing- 
less; being forced to 
crawl over tho sur- 
faces of leaves by 
the contractions of its body, aided by six front 
legs and by certain short stumps placed at the 
rear of its body and provided with suckera. 
Sooner or later, this voracious grub will cease its 
epicurean existence, and make unto itself a cocoon 
of some kind. Within tliis temporary dwelling- 
place, outwardly so stable and quiescent, changes of 
curious extent and of sweeping nature are pro- 
ceeding. There ensues, in fact, in the history of 
the caterpillar, a stage of complete dissolution. In 
one as|)ect, indeed, it might be thought that a. 
literal reign of anarchy was being inaugurated 



Fig:. 1. — MetaiaorphobiH of the Bilk-Moth {Bonibyx Mo^ t). showing 
Larva, Chrysalis, and Moth. 
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witim the animars body. Its organs and parts curious and as yet ill-understood process, the 

are being broken down and disintegrated, and no vital forces, operating within the cocoon, are 

one portion of its frame appears exempt from the building up a new body from tl 3 materials aflbrded 

work of wholesale destruction, which thus would by the old. The voracity o^ the caterpillar has not 

seem in a short space of time to biing to naught all been without a good purpose, in that the animal 

the work and labour of its pi evious life. has accumulated a store of material out of which 



Fig 2.— Tiunsfobmatxomb or x Bottsbixt. 


In the study of nature, however, as in the con- its new habiliments will be formed. As the work 

cems of ordinary life, it is a wise procedure to look of reconstruction proceeds apace and is duly com- 

for and to understand the other side ” of the ques- pleted, organs and parts unknown in the cateiqnllar 

tions submitted for our approval. That another than will be found to have been developed as essentials 

a destructive aspect may be readily traced in the of the perfect insect's frame. And with the corn- 

history of our insect’s development, is clear enough, pletion of this wondrous operation — performed 

if we simply look forward to the final result of its none the less iierfectly because it is so silently 

life-history. The work of reconstruction and repair conducted — the butterfly, like a veritable phoenix, 

succeeds, and, in large measure, may be said to renews its youth, and issues forth on its new exist- 

keep pace with, the destructive phases which pro- ence, to live henceforward, mid the sunshine and 

ceed within the body of the caterpillar. By a flowers, as the type, in the eyes of poetic humanity 
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at least, of all that is gay and careless, elegant and 
beautiful. 

Thus, the life-history of a butterfly, or moth, shows 
us three well-marked 
stages the lama or 
cateq)illar, the or 

chrysalis y and the imago 
or perfect and winged 
insect. We have also 
noted that the animal 
issues from the egg as a 
veritable Avorin ; that it 
spends its larval con- 
dition in the work of 
nutrition ; that its struc- 
ture in this condition is 
essentially different from 
that of the perfect in- 
sect ; and that within 
its chrysalis-case the 
elements of the larval 
body are dissolved and 
disintegiuted, and are 
thereafter built up anew to fonu tliat of the winged 
and mature form. 

The butterflies, l^eetles, flies, and their iieighboui*s, 
present us with examples of insects which undergo 
the most complete* series of changes known in their 
class. Tt) the series of changes which insects undergo 
in the course of their development, the name of 
inetarnorphosis has been given ; and, as we shall 
presently obseive, there are cei*tain other groups of 
animals which divide, 
with the insects, tin* 
interest we naturally 
take in the discovery 
and investigation of 
curious life-histories. 

But within the 
limits of the insect- 
class itself, theiv are 
very marked varia- 
tions to be noted in 
the degree of per- 
fection which the 
metamorphosis may 
exhibit. The Butter- 
fly’s development 
may for all purposes be regarded os presenting us 
with tlie most typical example of this process ; and 
when we compare the life-histoiy of such an insect 
as a Dragon-fly or May-fly with that of the Butterfly, 
we may readily discern differences of a very marked 


kind to exist between the two cases. From the 
egg of the dragon-fly comes forth an active, long- 
bodied creature (Fig. 3), that presents a close enotigh 
resemblance to a cater- 
pillar to enable us to 
regard it as the larval 
form of the “tyrant of 
the pool.” As in the 
case of the butterfly’s 
progeny, there is in this 
first stage no likeness to 
the perfect di’agon-fly. 
The very long, powerful 
wings, and the slender, 
tajrering body (Fig. 4), 
are not i*epre.sented in 
the dmgon-fly’s young, 
whilst in its habits the 
larva is likewise far 
removed from the simili- 
tude of its parent. It 
]K>sses8es, however, six 
legs attached to tlw*- 
chest-region ; its large head bears two comi>ound 
eyes of groat size; and the fumishings of its* 
mouth are still more characteristic. For this 
juvenile insect possesses a very long lower lip, 
which is not only highly movable, but bears at 
its extremity two enlarged hooks, or jaws. Armed 
with this apparatus, which can be folded up on the 
face after the fashion of a “mask,” the young 
dragon-fly crawls, an ai)parently innocent-looking 

being, over the floor 
of its native pool — 
for it is strictly a 
water-living animal 
in its early life. 
When, however, any 
unwaiy co-tenant of 
the waters approaches 
the larva, the “mask” 
is literally as well 
figuratively thrown 
off (Fig. 3), and the 
jaws seize the victim 
and securely retain it. 
Besides its power of 
crawling over the 
bottom of its pool, the young dragon-fly may leap 
or propel itself forwards in the water by a curious 
contrivance, which reminds one of the mode in 
which the cuttle-fishes move. From the hinder 
extremity of its body, and from a kind of chamber 



Fig 3.--Larva of Dragon-fly (LiheUtt^), (The right-hand Figure ahows 
the Pupa emerging from the lanrtau Skin). 



Fig. 4.— Mature or “Imago** Dragon-fly 
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^thin which the breathing-organs — half gills, half 
air-tubes — ore contained, the water, from which 
the necessary air has been taken, can be forcibly 
ejected; and through the reaction of this jet (Teau on 
the surrounding water, the young insect is propelled 
rapidly forwards. 

The young dragon-fly, whose structure has been 
thus briefly detailed, moults sevei-al times, mid, 
when it has become a ci*eatui‘e of larger growth, 
appears before us as the pupa or chrysalis. Unlike 
that of the butter-fly, the young of the di-agoii-fly 
does not inclose its body in a cocoon or pupa-case. 
On the contrary, it is as free and as active in its 
chrysalis state as in its larval con lition. The chry- 
salis difiers from the larval dragon-fly only in its 
larger size, and in the better develojimcnt of the 
organs which repi-escnt the future wings. The end of 
this chequered career, however, looms in the distance. 
A day arrives, when, after a jxjiiod marked by 
increased activity and restleasness, the chrysalis 
attaches its homy body to the stem of some water- 
W’eed. Here destruction and annihilation seem at 
ni-st sight to await the being; for soon its back sjdits 
open, and disorgiinisation seems to threaten its 
existence. This act, however, is but the prelude to the 
perfection of its life. For, from the rent frame of 
the chrysalis, and from the coniines of the lower body, 
there issues forth the perfc3ct dragon-fly. A short 
interval elapses. The insect, at first feeble and 
unaccustomed to its new state of exisUuice, i-ests 
awhile on the friendly stem that still beai-s it!4 cast- 
off swaddling-clothes. And when its wings have 
ih-ied and stiffened, and its vitjil functions have had 
time to settle down to work, the insect rises into 
the air in the full enjoyment of its new-born powei-s. 
Very aptly, and in the hai)piest of moods, has the 
La\ireate de8cril)ed the scene in which the eye of 
poet and naturalist alike may delight — 

“ To-day I saw the dragon-fly 
Como from the wells, where he did lie. 

“ An inner impulse rent the veil 
Of his old husk ; from head to tail 
Camo out clear i)late8 of sapphire mail. 

** He dried his wings, like gauze they grow ; 

Thro’ crofts and pastures wot with dew, 

A living flash of light he flew.” 

In our survey of life-histories, we may now pass 
from the insect-group, to a nearly-allied senes of 
animals — ^that of the Crustacea — ^represented by the 
barnacles, water-fleas, crabs, lobsters, and by many 
other less familiar forms. Within the confines of 
crustacean life, we shall find metamorphosis to be 


represented in very typical and plain detail. Let 
us visit the sea-beach, and in imagination try to 
recount the history of some of t'\e creatures which 
BuiTound our weed-girf path? There, for example, 
is that angular animal the common sliore-cmb, type 
of all that is awry and cross-grained in humanity. 
Awkwardly he sidles along, glaring defiance at us 
through his groat eyes — which litemlly rise out of 
his head on short stalks — as he proceeds to bury 
himself in the sand, doubtless fancying — if crabs 
ever fancy — like the ostrich, that, if he does not see 
hi.s foes, his foes will miss seeing him. Onr emb is 
by no means au elegant animal. That he is a 
])oautiful or comely creature, his most enthusiastic 
admirers amongst zoologists will hardly assert. 
But we may discern the cause of the interest 
with which the naturalist regaixls the crab, if wo 
seek to trace his biography, or sup]) 08 e that lie 
relates it in his own words : — 

“ When T left the egg in which T fii-st mode my 
a})jK*arance — and which my mother carried about 
beneath her “ piirs(' ” or tail, as you doubtless have- 
noticed, in conqmny witli some luindreds of my 



bi-ethron and sisters — I apj)eared as a little free- 
swimming animal, possessing a body looking simply 
like a veiy big head. In this stage naturalists 



78 


SCIENCE FOR ALL. 


called me a Zoea (Fig. 5) ; and when I was first 
discovered, 1 wiis thought to be a now species of 
crustacean, since my relationship to my awkward- 
looking pai'cnt or to my present self was not in the 
least suspected. A long spine arose from the back 
of my head like the top of a nightcap long drawn 
out ; and another spine or process projected below, 
like a veiitable beak. Being an active little creature, 
I was provided with two very large organs of sight, 
which, had you seen them, would have reminded you 
of a pair of bull’s-eyes in a lantern. I had a long, 
jointed tail by way of balance to my head or body ; 
the last joint of this appendage l)eing broadened 
out j and I i)ossessed in all three pairs of leg-like 
organs. One pair*, borne in the front of my head, 
reprasented one set of the feelers you see I now 
possess ; and the other two pairs, with which I 
paddled my way along, corresponded to four of the 
jaw-feet with which I now chew my food. 

“ I was forced, through circumstances over which 
I had no control — for one cannot help growing, of 
course — to change my outer garment or skin more 
than once. At last a day arrived when I might 
fairly be said to have attained the fulness of my 
youth. My body had now grown to a respectable 
size, and to a shape not very different from my 
present conformation. My eyes became stalked as 
you now see them, and whilst my tail was now better 
developed, ray limbs had also gix)wn ; and I became 
possessed of five pairs of limbs, the first pair being 
my * uij)pei*s,’ the strength of which you are wel- 
come to tost, if you like. In short, I became what 
zoologists call the Megalopa — that is, the boy-crab — 
just as the Zoea is my infantile stage. I did not 
alter much after the megaloim. state. Of coui’se, 
my tail gradually gi^ew less, as my body increased ; 
and now you may see my nidimentary tail, in the 
shape of my * purse,’ which is tucked up under 
my body, and which mischievous children are so 
fond of pulling down to see what 1 conceal under 
it. They find nothing but a few feet in an ele- 
mentary condition ; and of course you can see that, 
had my tail persisted in its early state, and had it 
continued to grow with my body, I should have 
resembled my friends the lobsters and shrimps. 
Only I am just as glad that I do not possess a tail, 
for I consider — and naturalists tell me so— -that 1 
am the lobster’s superior : just, indeed, as I fancy 
you consider yourself the superior of Pongo the 
gorilla, and his neighbours, because the human tail 
has become rudimentary from imknown causes, or 
has become worn away — as one of your species, the 
learned LordMonboddo, maintained — by your habits 


of sitting on it Be that as it may, the crab who 
now addresses you was once like an erratic shrimp 
on a roving commission, and has become the staid 
being you know me to be through the degenera- 
tion of my tail, and through the greater growth 
and development of my head and chest In fact, 
m 3 ’‘ body is all head and chest together. That is 
my history. I hear — for I possess ears — the tide 
flowing in ; BO I must burrow once again in the 
sand, as my gills require moisture. Fare you well.” 

A walk across the tangle-covered flat before us to 
yon rocks that run out into the sea and appear at low 
water like the outline of some huge creature resting 
in shore from its battles in the main beyond, will 
bring us into “fresh fields and pastures new” in 
the way of subjects for investigation. As you pass 
over the rocky ledge, you tread under foot by the 
hundred the little animals whose conical shells are the 
detestation of waders, and which are massed together 
on every available fragment of rock-stirface, in utter 
defiance of all laws as to overcrowding. The crea- 
tures whose sliells you see incrusting the rocks 
and stones everywhere at low-water mark are the 
Balani or “ Sea-acoms.” They are near relatives 
of the barnacles which you have seen clustered on 
a piece of wave-tossed timber (Fig. C), or that you 
have ol>served bicrusting the sides of ships which 
have been docked for repairs after long voyaging 
in trojneal seaa The barnacle is, in fact, a sea- 
acom plus a fleshy stalk. The bodies of both 
animals are of essentially similar structure ; and, 
as i*egardR their life-history and development, the 
one may be said to be the prototype of the other. 
Moreover, both animals belong to the Crustacean 
class, and may be regarded as far-off cousins of 
our crab. A comparison between the structure 
of the crab and the barnacle would show us that 
the latter is nimply a crustacean attached head 
downwards within its shell, and which “ kicks 
its food into its mouth with its legs,” to use the 
figure employed by a very gimt authority in matters 
zoological and otherwise. The said legs exist, how- 
ever, in the barnacles and sea-acoms in the form of 
a dozen filaments, each of which, being divided at 
its tip, gives to the animal the appearance of pos- 
sessing twenty-four of these processes. Drop the 
first stone, or oyster-shell, you can find with living 
sea-acoms attached to it, into a vessel of sea-water, 
and you will be amply repaid for your small outlay 
of trouble by seeing how the animal uses its feet. 
A little trap-door will open at the mouth of the 
shell, and immediately there will be protruded the 
twenty-four filaments, which, like a set of beautiful 
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waving plumes, will be seen to keep up a con- shell : snap goes the little trapdoor at the top, and 
staut cdroulation of water round about the animaL the animal is secured within its abode. 



IHg « -Oboot of BiBWAOiKS ATTicmtn to a fioatiko Loo 


Thereby particles of food are “kicked into ite 
mouth,” and probably the function of breathing is 
aJao performed by this action On the slightwt 
alarm the feet are at once withdrawn mto the 


We have, however, less to do with tiie fully- 
grown barnacle or sea - acorn than with thmr 
infantile stagea When we secure a ripe egg of 
either foi microscopic exambation, we shall 
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find the little creature to be contained thei^eiu. but, 
like the young insect or crab, to present no like- 
ness to the full-grown creature. Here is an embryo, 
or young form, which has ju.st escaped from the 
egg, and is hunying off seawards to see life,” 
without doubt, and to begin life in earnest as well. 
You now behold a little body, which, roughly 
described, we sliall say has a triangular sha|>e. It 
lias a tail behind, and the shield or ‘‘shell” with 
whicli the little body is covi'red, is prolonged in 
front and at its side-angles or corners into spines 
or horns. Three pairs of feet, or appendages that 
resemble these organs, are jiossessed by the infant 
barnacle, the two hinder pairs being forked at their 
tips and provided with long bristles. A single eye 
npiiears in front of the two foremost “feet and a 
mouth, stomach, and intestine are discovered within 
this little body. Thus pi*ovided within and without, 
this little (Cyclopean creature swims menily through 
the sea. In this stage it is universally named the 
NanpUaa. 

Like the young crab, our nauplius moults fre- 
(juently, and grows perceptibly after each change 
of skin. By and-by it alters its foi-m. It becomes 
a pupa, and in this stage possesses an oval body, 
whilst the single eye has been replaced by two of 
tliese organs. What were the two foremost feet in 
the nauplius are now seen in the pupa to 1 m^ the 
anfenncf or “ feelers ” of the animal, and the.se 
feelers are each jirovided with a sucker ; whilst 
the furnishings of this curious little being are com- 
pleted by the appearance of the rudiments of six 
pairs of appendages which art‘ dcvelojied just behind 
the mouth. Now ensues what is, i>erhaps, the most 
curious part of the life-history of the barnacle or 
sea-acorn, Coi*tain organs known as cement ghmds 
have been found within the body, and these organs 
manufjicture a kind of strong marine gluts which is 
jwured out at the tips or suckeis of the feelei's. 
The hereditary iiustincts of the young animal now 
lead it to seek a place of attachment. The roving 
life has to be given up, and the existence of the 
staid and fixed adult begins. A flo.iting log of wood 
in the case of the barnacle, and a shell or rock in 
the case of the sea-acom, present the desired objects 
for fixation. Attaching itself by its feelers, as a 
tomj)orary measure, the young animal throws out 
its cement and rendora its hold secure. Eyes, 
limbs, and other appendages, arc thrown off; the 
characteristic shell of the animal is developed ; and 
from the stage represented by the free-swimming 
nauplius the creature has merged into the rooted 
barnacle or sea-acom* 


Two more examples may be selected by way of 
comparison with the preceding case, frem the great 
Crustacean class. We know of a shrimp, Pmeus 
by name, which in its youngest stage resembles the 
nauplius of the barnacle — a creature closely related 
to the crabs and lobstere, thus mimicking, as it 
were, its lower neighbours in its young condition* 
Tlien also, adherent, like unwelcome guests, on the 
soft bodies of hermit-crabs as hosts, we find queer 
little bags, each of which, in reality, is by no means 
unlike a German sausage, of curved shape. You 
might, at first sight, assume such a cuiious struc- 
ture to be some abnormal outgrowth or tumour, 
recpiiiing the kindly aid of some i>rofessed “surgeon 
to the Crustacea ” foi* its removal. Each little bag 
or sausage-gi’owth is named a Saccuh’na ; and the 
interesting qiu^stion, “ What is a sacciilina ? ” arises 
for consideration. If we adopt the common-sense 
plan, we shall try to find out the nature of the 
organism by investigating its structure, external 
and internal. Outwardly, sacculina seems to bo a 
small, soft bag, with a lower orifice thrcmgh which 
water is taken in and expelled by slow contractions 
of the bag itself. It is attached to the crab by a 
veritable series of roots, which penetrate within the 
body of the latter animal, and entwine themselves 
amidst the intestines oi* the substance of the liver. 
Open this sac-like body, and apply the highest 
exercise of anatomical skill towards unravelling the 
mystery of its identity, and what do you find it to 
bi‘? A bag of eggs, and nothing more. No clue to its 
identity can therefore be founded on the dissecting- 
kuife. It may l>e almost any kind of back-boneless 
animal, as far as our anatomical information is con- 
cerned; nnd had no other source of inquiry, the 
relatioubhip of sacculina would stand a vei*y small 
chance of being resolved or determined. 

But let us watch the development of one of the 
eggs contained in this sac-like parent. The puzzle that 
anatomy may not solve, the study of a life-history 
may render plain. From sacculina's egg e8ca])es a 
little creature in which we recognise a striking like- 
ness to a familiar friend. This little organism 
possesses an oval body, covered by a kind of shield, 
and three pairs of swimming-feet, provided with 
bristles. The resemblance of the young sacculina 
to the young barnacle is too close to be mistaken — 
albeit that the former wants a mouth and digestive 
apparatus. It is also known as a Nauplius, and, 
like the young barnacle, swims freely in the water. 
Soon the young nauplius of sacculina becomes a 
pupa. Its Imck-shield now becomes folded down- 
wards, to protect its body, as the boards inclose a 
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book ; and, as if to further increase the likeness to 
the young barnacle, the first pair of feet become 
feelers or organs which are ultimately destined to 
attach the sacculina to some fixed object. Fila- 
ments, supposed to be the germs of the “ roots " by 
which the animal adheres to the body of the crab, 
are seen to grow out of the ends of these “ feelers.” 
Tlie other two jwiirs of appendages with which it 
was originally provided are cast off, and six pairs 
of divided feet appear to be develo|>ed on the hinder 
portion of the body; the tail being at this stage also 
divided and forked. Seeking and finding a crab- 


type. SjMMje will i>ermit of reference only to one 
or two cases of metamorphosis amongst higher 
animals, and of the mention o' a few inferences 
which may be drawn from our present subject by 
way of conclusion. 

The higher animals just alluded to are included 
in the class or that to which the frogs, 

toads, and newts belong. That the frogs and their 
allies come from the egg in the form of the welb 
known tadpoles ” is a fact familiar to everybody. 
Within the egg (1, 2, 3, Fig. 7) the young frog is 
fish-like in form, and after escaping thercfiom 
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host, the feel ere become attached to the body of the 
higher crustacean and develop into the sjicculina- 
roots. The feet are wholly cast off, as also are any 
other structures which the nauplius may possess ; 
the result of this physiological backsliding and 
retrogression being the production of the inert 
bag-like sacculina with the observation of which 
our recital began. 

By way of concluding examples of curious life- 
histories, we may only remark the fact that star- 
fishes and sea-urchins are developed from a 
secondary larva, which appears to be produced 
within the body of a first larva ; whilst amongst 
the zoophytes, sea-squirts, and other animals, there 
are to ^ found many carious illustrations of meta- 
morphosis, both of a common and of extraordinary 
11 


develojTes three pairs of gills (4) on the sides of 
the n(*ck. These outside gills ai-e replaced by 
internal ones (3), and thereafter the hind-liml)s 
become first aj)pareut (6), and are shortly followed 
by the fore-members (7). Meanwhile, lungs aiv 
being developed, and when those organs and the 
Ibnbs have attained a certain stage of jx^rfection, 
the intenial gills disappeai* ; the tail becomes inidi- 
mentary (8) ; the frog leaves the water (9) ; 
breathes for the rest of its life by lungs alone; 
and dwells henceforward on land, although enter- 
ing the water readily enough if so disposed. The 
well-known newts or efts, which, in the vidgnr 
mind, have long been regarded with aversion and 
dislike on account of the sup|x>sed possession of 
poisonous qualities, are near neighbours of our frog. 


SCIENCE FOE ALL. 


8-2 

Although habitually living in the water, the newts 
are, nevertheless, as truly luiig-breathci*s as are the 
whales ; and, like the latter animals, have to ascend 
periodically to the surface of the water for the pur- 
pose of inlialing air. Like the frogs, the newts pass 
through a very definite and similar series of changes 
in developineiit ; the only difference we may note 
between the development of the two animals being 
that whilst the frog gets rid of its tadj)ole tail, the 
newt retains that appendage. Thus wo see that 
our frog in its first stage of development, and 
whilst in the tadpoh* state, is essentially a little 
fish, ill respect of its gills, heart, and other struc- 
tures. Then it I'esembles one of its newt-like or 
tailed ueighhours, which — like the Proteus, Siren, 
and other forms — jxissess i)oth gills and lungs 
throughout life. WJiilst, lastly, when the frog- 
cliaracters succeed the fi^h lik(‘ characters^ the tail 
and gills disapjiear, and lungs, as we have seen, 
form the sole breathing-organs of the adult animal. 

Some relativ(‘s of the frogs included in the Newt- 
order, exhibit certain \(‘ry instructive points in 
connection with their (h‘velopment. For imtanee, 
the Axolotl of M(*xico, a newt, possessing Ixith 
outsiile gills and lungs in its adult condition, is 
known occasionally to shed its gills ; to slip out of 
its axoloLl-skin ; and to metamorphose itself in a 
mo.st inexi)lieal)le maimer into the form of an 
entirely ditferent creature — the Aniblystoma, one of 
the Laud 8alaniand(‘rs of North America. Tlu‘ 
surprise wdth which this discovery was greeted by 
nntumlists may lie imagined since the transformation 
in question was not a whit less strange than would 
be the changing of a fiog into a toad, or of any one 
species of animal into an entirely different species. 
The axolotls have been artificially changed into 
amblystoinas through the ))ainstaking care of a 
lady CKperimt'uter, who show^ed that by enticing 
the animals out of the water, and by gradually 
inuring them to the dry land, they cast their gills 
and assumed the colour and lung-breathing habits 
of their pseudo-selves, the amblystomas. Tlie 
present oise therefore shows us that metamoiqdiosis 
is not confined to the early life of animals, but may 
sometimes occur during their apparently full-grown 
anil adult condition. Another relation of our frogs 
which is decidedly a stnmge being in respect of the 
influence of a change of habitat on its form, is the 
Black Salamander or Land Newt of the Alps. 
Take all its kindred, this animal begins life as a 
gilled ” tadjiole, but with this difference or quali- 
fication — that from the absence of water wherein to 
disport itself in its young state, it has come to pass 


through its metamorphosis within the body of U$ 
pa/rent. Ho that when it passes into the outer world 
its gills have l>een already shed, and it is found to 
1)6 provided with lungs for the pursuit of its terres- 
trial existence. When a young Black Salamander 
is taken from the pai’ent-body in its tadpole and 
gilled ” condition, and placed in the water, it lives 
therein, uses its gills as breathing-organs, and at a 
time when, had it l>eeii left to nature, it might have 
been a true land-living salamander like its parent, it 
may thus swim about a truly aquatic animal. But 
sooner or later it casts its gills, and emerges upon the 
land to breathe, during its after-life, by lungs aloiia 

It is but a poor stoiy which has not a moral 
or application ; and whatever bo thought of the 
imj)Oi*tance of this brief recital regarding meta- 
morjihosis, there can exist— in the minds of 
natui’alists, at least — no doubt whatever regarding 
the important lessons concerning animal life which 
the examples we have given are calculated to 
teach. If we summarise those lessons or ap})li- 
cations, by way of conclusion, the chief inferences 
will 1x3 readily approidated by the reader. 

Firstly^ then, metamorphosis must bo regarded 
as a curious phase of development, in which the 
young leave the egg at a comparatively early i)enod 
of development, and undergo the remainder of 
their development as more or less fixH? and active 
individuals. 

Secondly : We account for the differences which 
are seen in the metamorphoses of various animals 
belonging to the same class (as in the case of the 
insects) by the exi)lanation that the laiwro and 
pupa3 have l)een variously affected by their sur- 
roundings ; and have acquired (as we noted in tlie 
case of the axolotls and Land Salamaudei*s) new 
habits, according to the circumstances in which they 
have been placed. 

Thirdly: We see in the development of an animal 
a panoramic picture of the stages through which its 
ancestors may have passed, and through which 
these ancestor have tended to produce its present 
form. Tliis, we need not tell the reader, is the view 
of Dr. Darwin and his followers. On the ideas just 
mooted, they would say that the frog was derived 
from a fish-like creature represented by the tadjicle, 
and that it next became a newt-like or tailed 
animal, breathing by both gills and lungs ; whilst 
ultimately it became a frog through the disap- 
pearance of the tail and gills together. The Land 
Salamanders would thus seem to have been evolved 
from gilled and water-inhabiting forms. Insects, 
on the same theory, may have originated from a 
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worm-like progenitor represented by the larva ; and 
there is little need to point out the ‘‘ Nauplius ” 

the representative of the far-back progenitor of 
the Cnistaceans. Whether this is true or not, it is 
impossible to say. It must be confessed, however, 
that the supposition is not only highly probable, 
but that it is also not a whit more wonderful or 
sti'ange than the fact of finding that creatures so 
widely different as are a sacculina, a barnacle, a 
shrimp, and a crab, begin life in one and the same 
form. 

Fourthly : We may obtain in metamort)hosis and 
development the only sure clue and test of the 
relationsliip of animals, by seeing the close likeness 
of animals which are true neighboui*s in the young 
state — a fact already illustmtcd by the case of 
Sacculina, whose relationship to other crustaceans 
is thus proved. 

Fifthly : We see that there may be backsliding 
as well as progi'ession in develoj[jment, and that the 


process does not always tend to evolve a higher 
form from the young or early state. The young 
sacculina and the young bariacle are in reality 
animals of higher organisation than they appear in 
their adult stages. 

SixMy, and lastly : The subject before us proves 
conclusively how jwwerfully the surroundings of a 
living being afiect its whole existence. The water- 
living axolotl when shifted from water to dry land 
becomes a land-animal ; and when a young Alpine 
salamander can find no water wherein to jaiss its 
tadpole and gillcd stage, nature compensates it for 
the loss by inducing the habit of undergoing ita 
metiunorphosis within the Ixxly of its ]>arent. 
And we finally learn, that in reality there exists 
a much largei* share of sympathy between living 
animals and the world in which they live than 
could by any one at fii*st sight, or without sonu^ 
knowledge of their life-histories, have l)ecn sup* 
posefl or conceived. 
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T O what i)recocious intelligence and insight, to 
what happy instinct of untutoi’ed genius, we 
owe the first discovery of the properties of coal, 
we may never hope to know ; and we can simjdy 
add another to the long tale of ])riceless gifts for 
which humanity has to thank some unknown and 
unhonoured benefactor. Chance pieces of stone, 
picked up from the sui'face of the gi'ound, do not 
promise anything beforehand as available fuel ; 
and the early races of men in Europe can hardly 
have been put to severe stmits for firewood amid 
the unending primseval foi-ests of the prehistoric 
period. And yet it is probable that the firet man 
who found out that coal would bum, must have 
slept with his fathers long before the nations of 
Western Europe had reached the stage of keeping 
any voluntary record of their actions. Certain it 
is that the use of coal as fuel originated among 
the peoples of the cold and inhospitable West, and 
not in the Eastern cradle of civilisation ; and it is 
also certain that its proi)erties must have been 
known for a very long time before its use became 
at all general. The ancient Britons were ac- 
quainted with the use of coal, and the Homans, 


never too pi'oud to learn fiom the outer barbaiian, 
acquired the precious secret from them. The 
Anglo-fSaxons ernjdoyed coal to some extent for 
domestic purj)Oses ; but it was not till the thirtoentli 
century that coal-mining assumed any im|>oi’tance 
in England ; and the other Euroj)ean nations took 
to the systematic use of coal as fuel at an even latet 
period. In the year 1259, Henry ITT. granted a 
charter to the freemen of Newcastlo-oii-Tyjie, allow- 
ing them to dig coal ; but for a long time it was 
employed only in the arts and manufactures, and 
wood continued to l>e the common domestic fuel. 
As has been the case with almost every great 
benefit, the introduction of coal as fuel was stoutly 
resisted at firat, and wo find its use prohibited in 
Ix)ndon in the reign of Edward IT. by a royal 
proclamation, soon discovered to be injurious and 
foolish, and consequently withdrawn. Jumping 
from tliis infantile ])eriod of the coal-industry 
to about the end of last centuiy, Great Britain is 
found to be raising alK)ut ten millions of tons of 
coal per annum, much of which was exi>orted to 
foreign countries. Making another leap to the 
present day, we find the annual out-put ” of coal 
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in Britain to have readied the enormous amount of 
over one hundred millions of tons, and to be, on the 
whole, steadily increasing. We are, therefore, con- 
suming, or in one way or another getting rid of, 
considerably more than one hundred million cubic 
yards of the actual stony fmmework of our country 
every year; and in so doing we employ the energies of 
very many thousands of our male population. It 
is worth our wliile, then, to know something about 
the nature and origin of this black combustible, 
which we exhume from its rocky bed with so much 
labour and patience, and upon which depends so 
much of our national prosiKU'ity. 

If you take a lump of cojvl out of the coal-scuttle, 
you find yourself in possession of an iiTegular lump 
of black stone, which usually soils the liand that 
holds it, to a greater or less extent, and which 
generally presents but one obvious feature — namely, 
that it clearly consists of thin parallel layers, some 
of which are usually shiny and glistening, while 
otliere are more dull and eaithy in appearance. 
In consequence of this structure, as eveiy one knows 
who has over stirred a fire, it is comparath'ely easy 
to break uj) a jnece of coal in one diiection (the 
direction con’esiionding with that of tin* comi)onent 
lay el’s), but repeated blows from the poker may 
1)6 vainly used if the refractory lump be attacked 
in the opposite direction (the direction at right 
angles to the layei*s). Now, as before remarked, 
there is nothing whatever about a piece of coal 
which would in any way indicate its inflammable 
nature, and perhaps the first question that we 
should feel disposed to ask is, Why does coal 
burn ? 

To answer this question we must call in the help 
of our chemical friends ; but we can get an in- 
telligible reply without dipping very deeply into 
the theory of comb\istion. The chemist tells us, 
then, that coal is composed pT-incij)ally of the 
elementary substance which is teinued carbon, and 
which is seen in its purest form in lam)>*black, 
charcoal, and the wonderfully dissimilar blacklead 
and diamond. He fuiiiher tells us that carbon, 
when mised to a certain temjierature, has the 
strongest desire to unite itself with the gas called 
oxygen, which is pvc'sent in a large amount in our 
atmosphere, this \inion being attended with the 
production of light and heat, and resulting in the* 
formation of the invisible and poisonous gas which 
is technically called carbonic-acid gas. When, 
therefore, we bum a piece of coal in the fire-place, 
what happens, roughly stated, is (1) that the car- 
bon of the coal entei-s into direct union with the 


oxygon of the air, emitting heat and light in so 
doing, the carbonic-acid gas thus produced escaping 
up the chimney in an invisible form ; and (2) that 
the earthy and incombustible matter ])resent in 
greater or less amoimt in all coals is left in the 
gi-ate unbumed, in the form of ashes and cindei*s. 

Roughly speaking, then, coal consists of from 
eighty to perhaps ninety-five per cent, of the element 
carbon, mixed with a small proi)ortion of various 
mineral substances, which remain as ash when the 
coal is burnt. In addition to these constituents, 
however, coal contains, locked up in its interstices, 
a cei'tain amount of inflammable gas, varying in 
<iuantity in difierent kinds of coal. The so-called 
“ hard ” coals, or “ anthracites,” contain least of 
this gas, and are consequently the most stony of all 
coals, with a shining, jet-liko aspect, and burning 
with a bright-red heat, without flame. Such coal 
does not readily burn in an open fireplace, but is 
largely used in furnaces, and in some countries (as 
in North America) is commonly used as a domestic 
coal, being burnt in scientifically constructed stoves, 
and being valued for the intense heat which it giv(^s 
out. Again, our ordinary household coal in this 
country contains a compai’jitively large amount of 
gas, for which reason it takes fii’e I'eadily, and burns 
with a good deal of flame. Tliere are numerous 
varieties of this kind of coal, but thi*y may be all 
included under the name of “ bituminous ” coal. 
Lastly, we have the stony looking clean coals, 
which are usually called cannel coal.” Those 
contain the largest amount of gas of all the coals, 
and are therefore highly valued and largely used in 
the manufacture of illuminating gas. The name of 
“ cannel coal ” (really candle ” coal) is based ujion 
this, and alludes to the fact that this kind of coal 
burns with a clear, bright flame. 

Having obtained this general notion as to the 
chemical nature of coal, we may next consider the 
question as to its origin and mode of formation ; 
and in this inquiry, it will jjerhapa be an advantage 
to attack the problem before us in a somewhat 
roundalx)ut manner. Let us fii’st betake oui’solves, 
then, to one of the great “ i)eat-mosses ” which are 
found so commonly in temperate and moist regions, 
and which cover such extensive areas in Scotland, 
Ireland, and the north of England. We may find 
a ‘‘ moss ” suitable for our i)urpose high up amongst 
the hills, or in some low-lying, marshy situation ; 
but in either case the phenomena exhibited aro 
much the same. If we look, namely, at the channel 
cut by any stream across such a moss, or at any 
artificial excavation, we find that the ground is 
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composed of a substance which near the suifSeice is 
of light colour and spongy texture, but which at 
greater depths becomes darker in colour and denser 
in structure, till at length it becomes quite black 
and earthy. This substance is wliat is called 
“peat,” and every one knows that when cut into 
dabs and dried it makes a very tolerable fuel, and 
one largely used in some parts of the country. 
Now, peat is chemically very much the same as 
a poor kind of coal, for it consists (when deprived 
of water) of from sixty to ninety per cent, or more 
of carbon, along with certain earthy impurities, 
which are left as ask when the j)eat is burnt. The 
reason why peat is not so good a fuel as coal, is that 
its toxtui'e is so loose that it contains a much smaller 
amount of carbon in the same bulk, wJiilst the 
amount of ash is pio]X)i*tionately larger, and the 
amount of water contained in it is cnonnously 
greater. If i)eat, however, be subjected to powerful 
artificial pressure, and have its contained moisture 
expelled from it, it becomes ipiite compact and 
stony, and may be regarded as an artificial coal, 
from which it difiers piincipally in not containing 
infiammablc gas. 

It is clear, then, that peat and coal have much 
in common with one another, and aixything which 
will explain the mode of formation of the one will 
throw light upon the origin of the otlier. Fortu- 
nately, there is no difficulty in determining how 
l^eat is fomed. Peat is undoubtedly composed of 
the remains of difierent kinds of plants, and princi- 
pally of such as delight in moist situations. In our 
country, peat is mostly formed out of the plants 
known as “ bog-mosses ” (Sphagnum palustre)^ 
which have the curious proj)erty of constantly 
going on growing upwards, throwing out new shoots 
above, while the lower portion of tlie stem decays. 
They thus form a dense mass of vegetation, saturated 
with water, and constantly rotting below, as its 
green and growing surface increases in height. 
Along with the bog-mosses, one can often recognise 
in peat the leaves or stems of reeds, rushes, and 
other water-loving plants ; and in many cases we 
find, often at depths of many feet, the trunks or 
branches of trees, sometimes with numerous erect 
stumps. This is easily explained by the fact that 
peat-mosses ai*e often formed upon the site of old 
forests. By the fall of the trees, either from natural 
decay or in consequence of storms, the drainage 
is interfered with, and a swamp is formed, any trees 
which are still left standing assisting in this process 
by checking the evaporation of water from the but 
faoa In this way, the growth of bog-mosses and 


other marsh-inhabiting plants' is promoted, and a 
peat-moss is gradually formed, in which all the 
fallen trees are soon enveloped. 

Such being the origin of jxeat, there is a reason* 
able probability that coal is formed after a somewhat 
similar fashion ; and we have the means of raising 
this probability to an absolute certainty. Before, 
however, further examining actual coal itself, we 
shall briefly consider two other kinds of rock, one 
of which is very like ordinary coal in most resjxects, 
whilst the other presents no outward resemblance 
to it at all. To sec the latter in place, we must 
transport ourselves in imagination to a small, low, 
densely- wooded promontory on the southern shore 
of the mighty Lake Huron, which rejoices in the 
fai* from eujffionious title of Kettle Point.” Long 
black ledges of rock nin out into tlie blue waters of 
the lake, and the use of the hammer at once shows- 
us that we have here to deal with one of those soft, 
muddy rocks, easily splitting into thin layers, which 
geologists are in the habit of calling “ shales.” This 
is not a coal, then ] No ! it is not a coal ; but you 
can easily satisfy yourselves that it has one of tht*- 
properties of coal, for it will readily burn, with a 
bright flame. A closer inspection will show thfit 
it is in other respects difierent from ordinary 
shales, for the surface of the layers is covered with 
little round brown specks, smaller than the heatl of 
a small pin, though quite visible to the naked eye. 
To make out these satisfactorily, we must take a 
chip of the rock, and grind it down till it is so tlxin 
that it can be examined by the microsco])e, when 
we find that each little brown speck (Fig. 1) is a 
minute hag — sometimes empty, sometimes filled 
with still moi’e minute granules. 

What, then, are these little bags ] The botanist 



Fig. I.-— A tlxin Slice of Shale from Kettle Point, Lahe Huron^ 
greatly magnified, and showing the little globular Spore-CuBf^ 
Boartt^ed through ib 

will tell us at once that they are what we here^ 
speaking roughly, may call the “ seeds ” of plants 
resembling our living club-mosses. These seeds, 
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teclmically called spores,” contain a great deal of 
resin in their outer covering, which enables them 
to resist decay for a long period, and also imparts 
to them their highly inflammable character. The 
Kettle Point shale, therefore, is nothing more than 
An old deposit of mud, charged with the s|)ores of 
olul)-mosses, and now haniened into rock ; and we 
can understand its mode of formation quite well by 
means of an analogous i)henomenon which is com- 
monly to be observed in Canada. The wanderer in 
the Canadian forests is often suri)rised, namely, to 
find the mai’gins of the lakes covered with gi‘oat 
banks of a yellow powder, lookhig somewhat like 
sawdust, only of a liner gi*aiii. This jjowder is 
really the ‘‘pollen” of the lir-trees, which is blown by 
the wind in great clouds — i>o})ularly called “showere 
of sulphur ” — through the illimitable pine-forests, 
and much of which ultimately falls into tlie waters 
of streams and lakes. Extensive accumulations of 
this powder are driven up by the waves upon the 
muddy shores of th<^ lakes, and if hardened and 
consolidated they would form a rock very similar to 
the combustible shales of Kettle Poiiit. 

We may next glance for a moment at the “ Lig- 
nites ” or “ brown coals,” which are so largely 
worked for fuel in Germany and Austria, and to a 
less extent in Britain and in North America. These 
Jignites ai'e found in the form of beds, associated 
with sandstoiu's, clays, and other rocks — ^,just as 
bods of coal are found — and tliough inferior to good 
coal, they bum quite well. The name of “ lignite ” 
{Latin, litjuum, wood) refers to tlie fart that they 
are often obviously and conspicuously composed of 
regular petrified wood, showing the stems, branches, 
and leaves of trees, quite distinctly. The name of 
brown coal,” again, is in allusion U) the general 
brown colour of this fuel. Some lignites, however, 
are quite as black as coal to look at, and could not 
be distinguished from ordinary coal by the eye 
alone. That lignites are composed of hardened 
vegetable matter, as just mentioned, is often so 
dearly the case, that the most superficial inspection 
betrays the original fibres of the woody stems 
composing it crossing each other in all diiTctions. 
If any doubt could remain xijx)!! this point, it is 
entirely removed by a microscopic examination, 
which proves them to be almost wholly composed of 
compressed stems, branches, and other portions of 
planta Wo may therefore regard lignite as a kind 
of peat, which has been changed into stone by being 
buried in the earth, and thus subjected to groat 
pressure for long periods of time. At the same 
time most lignites are of a different origin to peat, 


for they seem to have been generally formed, to 
begin with, as accumulations of drifted logs and 
vegetable debris of all sorts, carried down into lakes 
or seas by rivers, and ultimately covered up with 
sand or mud. Similar accumulations are known to 
1)6 in process of formation at the mouths of many 
of our gi-eat rivers at the present day, and when 
buried by sediment, they will form the “brown 
coals ” of coming epochs. 

Let us now return to coal itself, and see, os 
shortly as ]) 08 Bible, what ai-e the data, direct or 
analogical, which we can command in reasoning as 
to its origin and mode of formation. In the first 
place, then, we liavo the chemical information that 
coal is priiiciixilly comj)osod of carbon, in which 
respect it agrees with peat and lignite, both of 
which are of undoubted vegetable origin, as well as 
with wood and the tissues of living plants in general. 
This fact of itself, therefore, woidd raise a strong 
presumption that coal is formed of vegetable matter. 
In the second place, if we examine coal cai*efully, 
even with the unassisted eye, we shall have no 
difficulty in seeing that certain parts of it have 
a distinct fibrous structure (in many cases, at any 
rate), thus so closely resembling charred wood or 
chai’coal, that the name of “ mineral charcoal ” has 
actually been given to these portions as a technical 
tei’m. Moreover, if we had to do much with coal, 
and were in the habit of examining largo quantities 
of it with any cai’o, we should often find in it 
I)ortions of the stems and leaves of plants, so well 
preserved that wc could not doubt as to their nature. 
Fortunately, however, wo are not left to rely alone 
ujX)n our unaided vision, and this is one of the 
cases in which the microscope affords us invaluable 
help. Black and opaque as it is, coal can neverthe- 
less be ground down mto slices so thin as to be 
quite transparent, and thus capable of examination 
by our modem optical instruments. When examined 
in this way, we find that coal is invariably coniposed 
of vegetable matter of one kind or another, i?k)me 
coals are composed almost wholly of portions of the 
stems, branches, and leaves of different kinds of 
plants, and thus may fairly be compared with an 
intensely consolidated |>eat. Otlier coals, again, as 
shown by Professor Huxley, are principally com- 
posed of the minute globular “ seeds,” or “ Bi)ore8,” 
of plants related to our living club-mosses ; and 
these may bo regarded as being essentially of the 
same nature as the shales of Kettle Point, on Lake 
Huron, of which we liave previously spoken. 

We have, thus, direct and incontestable proof 
that coal is altered and hardened vegetable matter, 
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and that it is formed out of the remains of ancient 
plants ; but there are some other facts still which 
require to be considered before we come to a final 
conclusion as to the method in which it was formed. 
Coal is found in beds or seams,” varying from 
perhaps an inch up to sometimes as much as ten or 
twelve yartls in thickness, in the cnist of the eailh, 
associated with beds of sandstone, clay, and lime- 
stone ; and a good deal may be learned by examining 
its mode of occurrence on a large scale. We cannot 
here enter into the many interesting facts which are 
known as to the geographical and geological distri- 
bution of coal, but there are one or two points 
which bear so directly upon the question of the 
origin of coal that they cannot be omitted. The 
most important of these is a fact long ago de- 
monstmted by Sir William Logan, and since con- 
firmed by many other observers — namely, that every 
bed of coal rests upon a bed of clay — now hardened 
into “ shale ” — which is jx'ne'trated by numei’ous 



Fig 2 — View of a Coal-Seam, os sot*u in tbe Face of 
the Workiiisc of a Coal-Mine (a) Under-Clav, with roots }>uH8mg 
through it ; (6) Bed of Coal ; (f) “Eoof ” of the Coni, coraiioaed of 
Baud aud Shales, with upright Trunks of Trees passing through it. 

l>ori)endicular roots of jdants (Fig. 2). This ‘‘ under- 
clay,” as it is called, is thex’efore clearly the old soil in 
which tlie coal-plants grew. Again, thci’e generally 
rests upon the seam of coal a bed of shale or sand, 
which is called the “ roof” of the coal, and in which 
we find innumerable stems and branches of difibrent 
kinds of plants. Lastly, it is far from uncommon 
to find in the coal itself, or in the beds which 
immediately surmoimt it, the tnmks of trees still 
standing in an upright and vertical position. 

The above-mentioned facts render it indubitable 
that the coals which we bum were not only formed 
out of the remains of old vegetations, but that they 
were formed from plants which actually grew in 
the spot where wo now find the coal. Home beds 
of coal have doubtless been formed, like many of 


the lignites, out of vegetable matter drifted out into 
a lake or sea by rivers ; but this has been clearly 
exceptional, and most coals have been unquestion- 
ably formed by the unintemipted growth and decay 
of successive generations of plants in place, lu 
tliis res|)ect coal is like peat, from which it dififera 
l)rincipally in the nature of the plants of wliich it is 
composed. I’cat is formed mainly by the growth of 
plants such os the bog-mosses, sedges, and rushes, 
which not only inhabit moist and comparatively 
cold situations, but do not in themselves attain any 
groat dimensions. On the other hand, the vegeta- 
tion which gave rise to the coal was of the most 
rank and luxuriant character, and is, apparently, 
indicative of a climate not only moist, but also warm. 
Thanks to the importance of coal as a fuel, we are 
now acquainted with some hundreds of plants which 
lived during the coal period, and which enter more 
or less largely into the coni]) 08 ition of the coal itself, 
and we ai’e, therefore, not reasoning in the dark 
when we try to reconstruct for ouroelves the vege- 
tation of this wonderful epoch in the history of the 
world. 

It is impossible here to enter into minute details, 
interesting though they be, as to the nature and 
stnicture of these old ty])es of vegetation, and it 
must l)e suflicient to say that they belong to four 
principal ty|)es. It the firoi place, we find a very 
lai’ge number of fenis, some of them comparatively 
small aud herbiiceous, resembling our own common 
ferns (Fig. 3), whilst others were of much larger 



Fif?. 3 —Part of the Frond of one of the Ferns of the Coal 

( ytv/imT.al 


dimensions and are to be compared to the giant 
“ tree-ferns ” of New Zealand and South America. 
Secondly, we find a vast number of plants allied to 
our living club-mosses, but of comparatively gigantic 
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dimensioiis, and attaimng the aixe of our ordinary 
forest trees. The most remarkable of these are the 
forms known as Lepidodendron and SigUloma ; and 
trunks of the latter, in particular, are not un- 
commonly found in an upright position in the beds 
associated with the coal-seams. Thirdly, we have 
the singular plants which are known as Ccdomitea^ 
and which are to be regarded as ancient but gigantic 
representatives of the little horse-tails of the present 
day. These curious plants, with their long, striated 
stems, seem to have grown in dense brakes or 
jungles, and often attained a height of twenty feet 
or more; few of our living horse-tails exceeding two 
or tlireo feet in height. Lastly, we meet with a 
considerable number of true ti'ees, related to our 
living yew-trees and pines, and sometimes of great 
size. 

Coal, then, may be regarded as essentially com- 
posed of the more or less cinished and compressed 
remains of the leaves, branches, stems, and seeds of 
different kinds of firs, calamites, ancient club- 
mosses of the tyi>e of LepidodcuAlron and Sigill(iria, 
and ferns. The great majority of these plants are 
** floweiiess,’* and they indicate a dense huid vege- 
tation, growing in low, marshy situations, and in a 
comparatively warm climate. Putting the indica- 
tions afforded by the plants of the coal together 
with those afforded by the iiatiii'e of the “ under- 
clay” and the '‘roof” of each coal-seam, we can 
foinn a veiy good idea of the manner in which an 
individual bed of coal was produced. Each coal-bed, 
in fact, represents an old land-surface, probably 
a vast and nearly level, mai’shy plain, apparently 
placed little above high-water mark, such as we 
may see at the present day covering hundreds of 
square miles, at the mouths of great rivers like the 
Mississip])! and Ganges. The “ underclay,” im- 
mediately beneath the coal-bed, with its innumerable 
roots, is the veritable old soil in which grew the 
tangled jungles of ferns, Calamites^ Lepidodeiulra, 
and Sigilla/rioe^ which clothed these ancient plains 
from the margin of the ocean to the far-distant 
uplands. The actual “ coal ” itself repi'esents the 
slow and gradual accumulation, through enormously 
long periods, of the leaves, branches, trunks, and 
seetls of this luxuriant vegetation, now hardened 
and compressed into a mere fraction of its original 
bulk by the pressure of the rocks above it. Count- 
less generations of plants must have lived and died 
before the dark and rich vegetable mould could have 
accumulated to a thickness sufficient to account for 
the production of even one foot of coal ; but at last 
we must suppose that the old land-surface commenced 
12 


slowly to sink beneath the sea, and the once verd).ni 
plains were gradually covered by the salt water of 
the ocean. Many of the monorchs of the forest 
must have fallen where they stood, but others with 
stooil the waves, till their bases were buried by 
many feet of clay and sand uranquilly deposited 
around them. The so-called “roof” of the coal 
thus leprescnts the first accumulation of sediment 
thrown down njK)!! the nascent coal-bed, and vve 
can readily understand how it should be so rich in 
the steins and fronds of foms and other plants, and 
how it should often be traversed by the upright 
trunks of trees. 

In this way, then, we can explain the method in 
which a single bed of coal is formed. In a single 
coal-field, however, we may find fifty to perhaps 
one hundred beds of coal, lying one above the other, 
and separat(.*d by intervening beds of clay and sand. 
In this case, we have to 8upix)se that after the for- 
mation of the first bed of coal, in the manner above 
indicated, the old land was again raised above the 
level of tlie sea by one of those elevatory movements 
to which the crust of the earth has been so often 
locally subjected. Soon, a vegetation as rank and 
luxuriant as its predecessor fiourished on the newly- 
born plain, and vegetable matter was again ac- 
ctimulated throughout a long period of rest and 
stability. Then tJie land once more sank slowly 
beneath the sea, and sand and mud were once more 
hea|)ed up over the vegetable debris of centuries. 
In this way a second bed of coal would be formed ; 
and by a rejxjtition of these alternating movements 
of elevation and depression, affecting great tracts of 
land raisetl but little above the sea-level, it is easy 
to understand how any required number of coal- 
seams might bo formed in succession iu the same 
area. 

The vast deposits of fossil fuel which have so 
largely contributed to place Britain in the first rank 
of commercial nations, are thus the indui*ated and 
compressed fragments of ancient vegetations which 
lived and died long geological epochs prior to man’s 
firat ap|)earance on the eartli. Tlie light and heat 
of onr fires are, in .strict scientific truth, the “bottled* 
up sunlight ” of past ages. Nor is it easy to over- 
estimate the amount of time demanded for the 
accumulation of these great stores of carbon. An 
eminent chemist has calculated that the dense 
vegetation of the tropics produces about fifty tons 
of carbon to the acre of ground in a hundi'ed ; 
but fifty tons of coal spread evenly over an acre of 
ground would not make a layer of half an inch in 
thicknesa What, then, are we to think of the 
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time I'equired for the formation of a seam of coal 
one yard in thickness, not to sjioak of such giant 
seams as the “ Ten Yard Goal of South Staffoixl- 
shirel There would l)e something almost painful 
in the reflection that we are raj)idly exi)i‘nding 
these long stored-up and caivfully elaborated ac- 
cumulations, if we did not, at the same time, know 
that our very exj)endituie is the means of returning 


to the atmosphere tJie materials out of which new 
deposits of carbon wOl ultimately be produced. 
Even from tlie black and dusty coal may we thus 
learn to recognise witli admiration some portion of 
the checks and counterchecks, the balances and com- 
pensations, by which the system of nature is pre- 
served in equilibrium ; but it would lead us too far 
to enter upon this subject on the present occasion. 


THE MECHANISM OF THE HEAVENS: HOW COPERNICUS EXPLAINED IT. 

lU TMi; LATE KirilAllP A. Phoitou. 


W HEN the astronomers of old times first recog- 
nised the seeming motions of the heavenly 
bodies, they tried to explain tlios<* motions as caused 
by celestial inacbinery. The seeming motions of 
which I speak include, of course, the real motions. 
But at first men supposed all the motions to be I’eal ; 
so that the machinery they imagined to exjdain what 
they saw, was naturally more comidicat ed than was 
necessary. Then, after a time, they gave iq) as 
hopeless the task of explaining the observed motions 
as due to mechanism of some soH, and tided simjdy 
to determine what the actual mot ions may be. When 
fit length they had learned to distinguish the real 
motions from those which are aj>j)arent only, they 
found that it was no longer hopeless to explain tlie 
real motions tis they had once tried to explain the 
seeming motions ; for now the actual motions were 
found to be comparati\ ely siniido. The natui*e of 
the celestial mechanism, and the mainspting by 
which it is diiven, were l»efore long determined. 
Out of the re.searohes which culminated in this 
achievement, spiotng into existence the modern 
system of idiysical a.stronomy. My purjioae in tlie 
present essay is briefly to consider the histoiy of 
these researches and tlie nature of the various steps 
by which the true theory of the celestial mechanism 
was reached. But I shall not devote much space to 
the exjdanation of the false systems whicli for a 
time were accepted by astronomers. I have not, 
indeed, more space at my disposal than will suftice 
for the consideration of the steps by Mdiich men 
advanced towards the truth ; to trace out their 
devious wanderings on the track of en*or, would 
require much more space and be far less instni tive. 

In the first place, men noted that at night the 
star-sjiangled dome of the heavens is carried round 
precisely as if it were part of the inside of a great 
hollow globe, turning round an imaginary axis 


passing through its centre, the place of the obseiwer. 
< )f course, only one half of this gi*eat hollow globe 
can l>e seen at once. Such a half is the 8tar-8ti*ewn 
sky seen at any moment on a dark, cleai* night. If 
the hollow globe, or what seems like a hollow globe, 
were turning around a vortical or upright axis, we 
should always see the same half all the time the 
turning motion went on. But this is not the case. 
Here in England, for example, we find that the axis 
about which the star-strewn globe is turning is 
inclined, as shown in Fig. 1 by the line o r, o being 
the place of the observer, 
and SON the south-and- 
north line. In other words, 
the })ole of the heavens, as 
it is called, is inclined fi'om s(^ 
the point overhead towards 
the north at the angle z o p. 
s w N E represents an imagi- 
nary plane aliove which lies 
the visible half of U.e star- 
strewn glol)e, the boundary 

s w N E being what is culled the Iwrizmi. Tlie globe 
seems to turn around the axis p o p' in the direction 
shown by the arrows, quite uniformly and at tlie 
rate of one complete rotation or turning in about 
four minutes less than twenty-four houiu s p' N 
represents the unseen half of the star-sphere, p' in 
the prolongation of p o being the unseen pole or 
end of the imaginary axis p o p', round which the 
turning seems to take place. It is clear that as the 
turning proceeds, new stars are continually rising 
aliove the half-horizon sen, while stars which had 
been visible above the half-horizon s w N are con- 
tinually {lassing below it. But a large part of the 
glolie around p is always above the horizon, and a 
corresponding part round p' is always below tbe 
horizon. Of the circle e 6 w <?', midway between the 
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poles p and P', one half is always above the horizon 
and one half below. A star on liiis circle — ^which is 
called the celestial equator — rises due east at £ and 
sets due west at w. 

By travelling over the earth, men can see the 
whole of the star-sphere, and from whatever part of 
the eailh its motion is watched, the same uniform 
turning movement is always pei’ceived. The vary- 
ing aspect of the star-sti’ewn dome seen from different 
parts of the earth, is explained by and serves to 
prove the globe-shape of the earth. But with this 
point at present we are not concerned. Suffice it, 
that from whatever part of the earth the vault of 
the heavens is watched, we see it turning round tlie 
same fixed but imaginary axkl line, quite uniformly, 
as if it wore carried round by some steadily-driven 
mechanism. 

N(*xt, men noted that although the sun and moon 
are carried round from eiist to west, with the star- 
sphere, they slowly move upon its seeming concavity, 
in a contrary direction — that is, from west to east. 
The moon^s motion in this direction among the stai-s 
can easily be recognised in the course of an hour or 
two on any clear night. Watching her niglit after 
night, we j^erceive that in about 27 J days she com- 
pletes a circuit of the star-sphere frt/m west to east, 
along a certain track, which does not lie midway 
l>etween the poles like the track e e w c' in Figs. 
1 and 2, but is inclined fo E e w The sun is 
found also, thougli Jiot quite by such simple 
observations, to follow a similar path, once in aliout 
365^ days, or a year. A B c D in Fig. 2 represents 
his course. One half (a b c) of this path lies above 
the circle E e w e', that is on the same side of it as p, 
while the other half (c D a) lies below Ee We', or on 
the same side as p'. Fig. 3 allows tlie two circles, 



eoe', BOD, as they would appear if seen edgewise — 
the angle b o e being one of about 23 (a right angle, 
as p 0 0 , containing 90°), It must be distinctly 
borne in mind that while the sun travels, in appear- 
ance, along the circle a b c d in the direction shown 
by the arrow near b, once in a year, this circle, and 
the sun upon it, and the fixed stars among which it 


holds a fixed position, are being carried round by 
that daily motion which I have already dcscribeil, 
in the direction sliown by the a *row on e e w e' near 
w. So that Fig. 2 only presents the position which 
the Slinks track a b c d — called the edqiiic — has at one 
particular moment in each day, with res^iect to the 
horizon E s w N ; tho daily turning motion of the 
star-vault is in fact constantly shifting the position 
of the circle A B 0 D with resj>ect to the horizon and 
the sky above it, though its position among tho 
fixed stars — or rather hecavM its jicsition among the 
fixed star’s — remains unchanged. The moon's track 
is not ABC D — that is, the moon does not travel 
along the ecliptic. She moves on a path inclined 
about to the ecliptic; and her path among 
the stars, unlike tlie sun’s, is constantly though 
slowly changing ; but is always inclined to A B c D 
by about the amount named. At any given 
time the moon’s track is a circle inclined to E e w e', 
by an angle which has some value between 
adiled to 23 p', and subtracted from 23 
— or between 28|° and 18j°; and along such a track 
])ursue.s h(*r course in the direction shown by the 
arrow nt»ur B, making a circuit of the star-sphere 
once in 271, days, while all the time the circle she 
is for the moment travelling in, and she herself, 
and the more slowly-moving sun, and the fixet^ 
stars, are carried j'ound by the daily motion in tho 
diiection sliown by the arrow near w. 

Thus, then, if the observed movements of the 
heavenly bodies are to be exjdained by some soit of 
machinery, cai’rying those bodies along around the 
earth fixed in jicsition at the centre, it is necessary 
that some primary mechanism should carry round 
the star-vault and the sun and the moon, once a day 
from east to west, while some subordinate mcebau- 
ism carries the sun over the star-vault in a slant- 
circle once a year, and another cames the moon 
over the star-vault on a varyingly slanted circle once 
in 27^ days. 

But the mechanism of the heavens must be still 
more comj>lex if it jiroduces all the observed motions, 
the earth being at rest in the midst of the moving 
celestial orbs. The sun and the moon are carried, 
each at its prosier rate, round the turning star- vault, 
and in a direction contraiy to its motion. But they 
always move in that direction, though not with 
actually uniform motion. A mechanism can’ying 
each of tliese bodies towards the east at a nearly 
uniform rate— slightly more quickly, however, in 
one part of the circuit than in the opj30site part — 
while the sun, moon, and the driving apparatus of 
each, are earned over together at a perfectly uniform 
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rate witli the star-vault from east to west, would 
account for the motions thus far described. But 
when we come to the bodies called planets, and 
still more when we consider tlie motions of comets, 
we find that our mechanical arrangements must bo 
much moi*e complicated. 

Five bodies were known to tht* ancient astro- 
noinoi's which, while resembling the fixed stars 
somewhat closely in ap|)earanoe, difler from them in 
wandering about on the star-vault. 

Two of these bodies, named Vcuius and Mercury, 
seemed to accomj)any the sun on his journey round 
the star-vault. They were not found to travel always 
the same way with him, howe\er; but would be 
seen sometimes iji advance of him, sometimes 
behind liim, sometimes travelling in the same 
direction, .sometimes in the oj»positc, though always 
travelling wi fits lohole in the same way, their 
movements from west to oast, called their advancing 
motion, always exceeding in range their movements 
from east to west. Mercury was found to range 
far less widely from the sun than Venus. For about 
58 days Mercury is on one side— say in advance of — 
the sun, then for about 58 days be is in the rear of 
the sun. Not that he can be seen all the time, fur 
owing to the sun’s biightnoss Mercury can only bo 
seen when, in these excursions (so tt) sj)eak), he gets 
farthest i]i advance and farthest in the rear of the 
sun — that is, for a few days in the inidrlle of these 
successive iM3riod8 of about 58 days. ‘N’^enus, on tlu' 
other hand, is in advance of the sun during about 
292 days, and then is in the rear of the sun for a 
similar time. She can be seen during the gi*eater 
part of each of these periods, being only lost for a 
shoii; time when |)aHsing the sun each way Not 
only is she much brighter than Mercury, when sc*eii 
under tiimilar conditions, but she ranges nearly 
twice as far on both sides of the siui as Mercuiy 
does. Neither Mercury nor Venus tra\ ols along the 
sun’s tnick, however, but range widely from it both 
above and below, besides ranging in advance* ami 




Fig, 4.— A Part of Horcarv’a Track : the dotted Liue being u Part 
of the Sim’s Course. 

ill the rear of the steadily advancing sun. Figs. 4 
and 5 illustrate the nature of these planets’ move- 
ments. Only it is to be noticed that the loops and 


bendings are constantly varying in shape. Mercury, 
for instance, does not always travel roimd a loop as 
shown in Fig. 4, but sometimes on an open, twisted 
path, like that of Venus in Fig. 5 ; or on a path 
l)art looped, part twisted. Sometimes the loop or 
twisting lies below, sometimes above, the track of 
general advance. Sometimes the range of the loop 
or twisting is greater, sometimes less, though always 
within certain limits for each of these two planets. 

Besides Mercury and Venus, which travel in 
paths thus peculiarly related to the sun’s, are other 
three planets, nauied Mars, Jupiter, and Saturn, 
which also follow looped and otherwise contorted 
tmeks, but do not attend in that sj)ecial manner on 
the sun which we notice in the case of Mercury and 
Venus. 

Mars traverses a loop or twisting having such 
a range (compared with that of the loops of Mer- 
cury and Venus shown in Figs. 4 and 5) as is 
indicated in Fig. C, travelling backwards in the 



Pig 5.— A Part of Veuus'a Trar*k ; the dotted Line being a Port of 
the Sou’s Course. 


middle part of the loop, but advancingly in the 
parts preceding and following the shorter backward 
track, as shown by the arrows. Then Mars con- 
tinues to advance till he has made a complete 
circuit of the stellar vault and al) 0 ut one-seventh 
more, when he retrogrades through a short arc 



Fig 6 -A Part of Mars s Track ; the dotted Line being Part of the 
Kchiitic. 


as before, making another loop or twisting. Then 
he advances again through about a circuit and a 
seventli of the star- vault, and makes another loop ; 
anti so on continually. The interval between the 
times when he is at the middle of successive loops 
is about 780 days, on the average. Mars traver- 
sing the entire circuit of the heavens in about 687 
days. Although he circuits tlie star-vault in this 
leisurely way, so that the sun is always gaming 
on him, and thus Mars is not always, like Venus 
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FiK. 7.— Two Loopi of Jnpiter'B Poth. (Tbe dotted Line is the Ecliptic.) 



Pw 8 - Three Loops of Saturn’s Path. (The dotted Line is the Ecliptic.) 


aud Mercury, in the same part of the heavens as 
the smi, yet the motion of Mars is in another way 
related to the s in’s. For it is noticed that he always 
crosses the middle of his backward swoop wlien 
exactly opposite the sun, so that Mars is then seen 
due south at midnight, when, of course, the unseen 
sun lies due north below the horizon. 

Jupiter and Saturn behave somewhat differently. 
Each sweeps out loops or twistings, travelling back- 
wards (see Figs. 7 and 8) when in the middle of the 
shorter arc, so as 
to advance the 
whole both 

these jdanets ad- 
vance far more 
slowly than MaiN. Hius Jupiter, after traversing 
his loop, advances through only about a twelfth of 
the circuit of the stellar heavens before traversing 
tlie next loop ; then through about a twelfth of the 
circuit before traversing another; and so on con- 
tinually. The interval between the times when ho 
is at the middle 
of successive loops, 
called tlie synodic 
period,” is about 
399 days, or little 
more than half the corresponding inteiwal in the case 
of Mars ; but in the inteival J ujiiter has traversed 
less than a twedfth of the circuit of the stellar 
heavens ; wliei’eas Mars, in his cori*esj>onding in- 
terval 01 ’ synodic jitM’iod, traverses a circuit and 
a seventh. Jupiter, in fact, do(‘8 not comjdete 
the entire circuit of tlie star- vault in less than 
4,332 J days, or about 11 years 315 days. This 
is his siderml period. 

Saturn moves still more slowly. The interval ol 
time l>etween his passage through successive loops 
is, indeed, only about 378 days, or three weeks less 
than Jupiter’s synodic period. But in this inteiwal 
he completes only about a 29ih part of the circuit 
of the heavens. His sidereal period thus ainouiits 
to 10,759 J days, or alxiut 29 years 167 days. 

Both 8atuni and Jupiter exhibit in tlieir motions 
the same ])eculiar relation to the sun already 
described in the case of Mars, being always exactly 
opposite to the sun when tniversing the middle of 
their short retrograde arcs. Moreover, it is 
obseived that each of the three planets is at this 
time at its brightest. 

All these motions have to be explained by any 
mechanism devised to account for the movements 
of the heavenly bodies about the earth, supposed to 
be at rest. 


Speaking generally, and only at such length as 
S}»ace conveniently permits, we give the following 
ai the views held by ancient astronomers as to the 
mechanism by which these cfffects were brought about. 

They supposed the star-sphei’O, or rather the 
spherical shell in or on which the stars were 
thought to be set, turned round on the polar axis 
once in a sidereal day, or about four minutes 
less than a solar day, as the outermost of a set 
of seven spherical shells carrying the five planets 

and the sun and 
moon, caiTying 
round these spherec 
along with it. 

The earth 

su Plowed to be at the centre of the star-spheie; 
but the other spheres within it were not supposed 
to 1)0 tpiite concentric with it ; so that the slightly- 
varying motions of the sun and moon, and the 
slightly-varying rate of genei-al advance of the five 
planets, might be accounted for. Tlie sphere (by 

vliich wonl ‘’'sjihe- 
rical shell” is to lie 
understooil through- 
out )caiTying Saturn 
was supjiosed to be 
next tbe star-sj)here ; next, the sphere of Jupiter; 
then, in order, tliosc of Mars, tlie Sim, Venus, 
Mercury, and the Moon. The spheres of the sun 
and moon were 8U]>posed to have a simple turning 
motion from west to east in a year and a month 
respectively, the motion being really uniform, but 
apjieari ng to vary because of the eccentricity of the 
eartli’s jHisition within each sphere. But the spheres 
of the five planets were supposed each to carry louud 
a smaller sphere round which the planet travelled ; 
so that the apparent motion of each planet was 
made up of tlie motion of the planet round the 
smaller sphere, and of this smaller sphere round 
the larger one ; and by assigning suitable lates to 
these two motions, and suitalile projioi’tions to the 
larger and smaller sphere, it was found jK>8sible 
to account for the varying a]>parent motions of 
each planet — that is, for wliat Milton lias called 

“ Their wund’ring course, now high, now low, then hid, 
Progressive, retrograde, or standing still.” 

So far as the movements of the planets, indeed, 
were concerned, the effect of these spheres within 
spheres, and their movements, would be the sam^ 
as though, instead of being canded round in sfihores, 
as described, each planet were carried uniformly 
round in a small circle whose centre was carried 
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omformly round in tbe Rame direction in a larger 
one. The effect of such conjoined motions may 
easily be seen to coiTes|}ond in general 'with the 
peculiarities of planetary motion. 

Suppose, for instance, that a planet is moving in a 
circle (abed, Fig. 9) roxmd the point c, which is itself 
advancing in a circle (a c b) — the movements being 
in tlie direction shown by the arrow-heads — around 


A 


i 


B 


Fig. 9. — lUustratmg the Ptolemaic Fzplunatiou of Plonetaiy 
Motions. 

the earth at E, eiiher as centre, or somewhat eccen- 
trically placed to account for varying rate of general 
planetary advance. Tliua it is obvious that if the 
planet travel more quickly in the circle abed 
than its centre travels in the circle a c b, it will 
seem when at a to travel backwards. When at h, 
it will appear to be advancing at the rate at which 
the centre c is advancing, and at some iK)int 
between a and h it must, therefore, have changed 
from retrogression to advance. At c the pl.inet 
will seem to advance, and much more mpidly than 
it seemed to retrograde when at a, for its I’etro- 
gression at a was due only to the excess of its own 
motion, in circle abed, over tL*» motion of the 
centre of this circle in the circle a c b; but its 
advance at c is due to the combined advance of 
the planet in the circle abed, and of this circle's 
centre in the circle a c B. At cZ the planet still 
seems to be atlvancing, though now only (as when 
at b) with the advancing motion of tlie centre c in 
the circle a c b. Lastly, as, when it arrives again at 
a in its smaller circle, it will again be retrograding, 
there must be some |)oint between d and a whei’o 
the advance merged into retrogradation, or where 
the jilanet seemed for the moment to bo stationary. 
There has been, on the whole, an advance, because 
the cii*cle abed, and with it the point a, has 
been carried steadily onwards all the time. 
There has also been a change of distance from e, 
between least distance E a and the greatest dis- 
tance E c. Moreover, as observation shows each 
planet to be brightest or to Btem nearest when in 
the middle of its backward arc, so we see that 
according to this explanation the planet really is 


at its nearest to the earth when at sudi a point 
as a, where the middle its retrogression ooeats. 
Lastly, by having the plahe ot a h c d slightly 
inclined to the plane of A 0 B, the range of 
the planet on each side of the ecliptic can be 
explained. In order to account for the fact that, 
when situated, as at a, in the middle of its arc of 
retrogradation, the planet is always either opposite 
the sun, as in the case of Mars, Jupiter, and 
Saturn, or in the same direction as the sun in the 
cabe of Mercury and Venus, all that is necessary 
is that the motion in abed should be completed 
in one year exactly. Thus, to take the case of a 
planet like Jupiter, if when the planet is at a (Fig. 
10) the sun is at s, then when the planet has gone 
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Pig 10 — XlluBlrating tlie Ptolemaic Tlieoiy. 

once I’oiind its circuit and so much more as biiiigs 
it to a', c' being the position of its centre of 
motion and o' a' E straight, the sun will ob- 
viously have gone once round and so much more 
as brings him to s' on o' E produced — that is, he 
will be opposite to the planet at a'. And it can 
easily he shown that similar reasoning will explain 
the seeming motions of planets like Mercury and 
Venus with refeionce to the sun. 

The theory was ingenious, but artificial. It 
I’equirefl not merely a double motion for each 
planet to account for the alternating planetary 
motions, but also that the double motion of each 
planet should keep exact time, so to speak, with 
the motion of the sun, which yet belonged to an 
entirely different sphere. Then, while each planet 
had its two spheres and its double set of motions, 
the sun having its sphere keeping time with the 
motions of each of the lesser planetary spheres, and 
while the moon had also a sphere to itself, all 
these sjJieres turning from west to east, they all 
shared in some mysterious way the rotation of the 
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frodn east to west otioe in the sidereal 
dajr. When it was further found that the planets 
have many minor peculiarities of motion which 
6T6n this complex machinery could not explain 
without continual additions; when astronomers 
found that they must 

“ build, unbuild, contrive 
To save apxiearances, and gird the sphere 
With centric and eccentric scribbled o’er 
Cycle and epicycle, oib in orb 

men began to seek for a simpler explanation, if 
such might be found. 

The system of Copernicus went far to i*emove all 
these difficulties. According to it the rotation of 
the star-sphere, carrying with it all the other 
spheres, though not preventing their proper motions, 
was at once done aw ay with by regarding the earth 
as turning on lier axis from west to east once in a 
sidereal day, and tlius causing in stars, sun, moon, 
and jdanets, an a])paient motion from oast to west 
in the same tune. An iinuieiise mass of complexity 
was thioAvn off by Uus cliauge alone, winch is 
usually little noticed in oui treatises on astronomy. 
But of coui’se the distinguishing feature of the 
Cojiemicaii theory is the explanation it affords of 
the apparent motions of the sun, the moon, and 
the planets, and specially of the planetary loops. 
Of all the bodies which seemed to travel around 
the earth as a ceutie, Copernicus left one only as 
leally so travelling— the moon. The sun he re- 
garded as at rest, and explained his apparent motion 
i*ound the earth once in a year as caused by the 
real nioLion of the earth round him once in a year. 
It needs no demonstration to prove that if an 
observer is carried louiid a fixed body so steadily 
as to be unconscious of hii motion, the fixed Innly 
will 8mn to be carried around him in the same 
time. So far all was simple cnougli. What remains 
to be shown is only a little less obvious (though, 
obvious as it is, it had never Ixsen recognised till 
Cojieniicus pointed it out), and was what gave to 
the theory of Copernicus its chief claim to accept- 
ance. It was tliis. If the eaiiih travels round 
the sun once in a year, and each planet travels 
round the sun at due distance once in the period 
which had formerly been assigned to the planet’s 
aso-called sphere, all the chief chaiucteristics of 
planetaiy motion are at once accounted for. In- 
stead of requiring that each planet shall tiavel 
round in a circle whose centre travels in a circle 
round the earth, Copeniicus showed that it is only 
necessary for each jdanet travelling in a circle 
round the sun to be viewed from the earth, which 


is itself travelling in a circle round him. So viewed, 
it would advance, become stationary, retrograde, 
become stationary, advance again, and so on, tracing 
out loop after loop, precisely as each planet actually 
does. 

To prove and to explain that the apparent motion 
is precisely the same whether a planet is carried 
round in the way illustrated in Fig. 9, or whether it 
is carried around the sun (s, Pig. 10)in a circle (acu), 
of the same size as a b c, Fig, 9, and observed 
from the earth carried round s in a circle {abed) 
of the same size as abed, Fig. 9 — the periods in each 
circle being respectively the same — ai'enot altogether 
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Figr. 11 — Illastrating the Coporuiran Explanation of Planetary 
Motions 

suited to these columns. But a proof of the general 
projiosition that a jilanet will alternately advance 
and retrograde, advancing on the whole, as the 
planets actually do, may lie readily given. Thus, 
suppose the earth at a (Fig. 11) travelling more 
quickly round the circle abc than a planet outside 
her path at c travels round his circular track 
A c B. Tlien the planet at c seems to be travelling 
backwards, because the earth at a, with her more 
rapid motion (the two motions being for the moment 
on parallel lines), leaves the planet behind. Next 
let the eai*th be at b, whoi’e a line ((’ b) touches the 
circle abed, the planet being supposed to l>e at c. 
(The reader will remember that we are now only 
cor sidering the nature of the apparent motions 
when the earth and planet are in different relative 
positions, so that we need not consider the varying 
jiosition of the outer planet on A c b.) Then, 
sincf" the earth is at the moment moving directly 
from the planet, the only apparent motion of the 
planet is that due to its own advance in its ti’ack 
A c b; thus the planet seems to be advancing. 
When the earth has some intermediate position, 
then, between a and h, the planet’s retrograde 
motion changes into advance. When the earth is 
as at c, the planet as at c, then since the earth is 
moving in one direction (shown by the an’ow-head), 
and the planet in the opposite direction, the planet 
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nocoasarily ueems to he moving with greater velocity 
in this last-named direction, the earth’s motion 
adding {appurently) to the i)lanet’8. Thus at this 
time the planet seems to advance most mpidly. 
When the earth is as at c/, the j)lanet at c seems to 
be advancing, but with its own motion only. And 
lastly, when the eai*th is again as at a, the planet 
being as at o, the planet seems to be retrograding; 
so that when the earth had some intermediate rela- 
tive j>osition on da, the planet seemed at rest. Of 
course, in reality as the planet has been advancing 
all this time, insteatl of the two bodies being as at 
a and c on the stniight line s a c, they ai'e as at 
a! B on the straight line s a' b. The earth has 
thus gone round an arc such as abed a'. More 
than a year has in fact elajised (as wc note in the 
actual motions of Mars, Jupiter, and Satum), 
between the successive retrogradations of the outer 
planet Again, when the jjlanet is at c, the earth 
at a, and the sun at s, the planet, already shown to 
l>e in the middle of its arc of reti’ogradation, is 
0 ]){) 0 site to the sun at s, and is also at its noai*est 
to the earth, and therefore at its biightest, precisely 
as observation shows it. 

It would be easy to extend tliis d(»monstration to 
the case of the planets Mercury and Venus, which 
according to the Co|>enii<*au theory truvel within 
the j)ath of the earth. But in reality it is un- 
necessary. For the proof just given for the case of 
an outer planet (called technically a svperior planet) 
ap]»Iies also to the case of an inner planet (called 
an infericr planet).* For at whatever |X)int on the 
star-sphere one planet seems to be as seen from 
another, this last as seen from the former must of 
necessity api)ear at the exactly opposite |X)int in 

♦These words, superior ” anl “ inferior ’’ — literally, 
“ higher ” and “ lower ” — bear refei-ence in reality to the 
old theory of the planetary spheres ; for the sphere of an 
outer planet was outside, and therefore, as viewed from the 
«arth, it ranged above the sphere of an inner planet. 


the star-vault. So that in whatever way an oater 
planet seems to move as seen fi*om an inner planet, 
in the same way precisely does the inner planet 
seem to move as seen from the outer, only on the 
opposite side of the star-sphere. Thus, as we have 
seen that a superior planet seen from an inferior 
one (when both are travelling round the sun, the 
inner the more quickly) seems alternately to 
advance and to retrograde, advancing on the whole, 
so an inferior planet seen from a superior planet, 
seems to advance and to reti’ograde, advancing on 
the whole. And the fact that at the middle of 
an inferior j)lanet’8 retrogiude arc the planet is in 
conjunction with the sun, is also explained in this 
way; for whereas from a the planet at c; (Fig, 10) 
seems to be opposite the sun, at the middle of its 
retrograde iu*c, a planet at a seen from a superior 
planet at c is in the same direction (u a s) as the 
sun, or is lost in his light at the middle of its arc 
of retrogindation. 

In this way, assigning to the sun the central 
position, to the planets Mercury and Venus orbits 
within the earth’s, Mercury’s nearest to the sun, 
while outside the earth’s track came the orbits of 
Mars, Jupiter, and Saturn, each planet travelling 
more slowly the farther lay its track from the sun, 
Cof3ernicus accounted for all the loading charac- 
teristics of the motions of the sun and planets. 
The moon alone wjis left travelling around the 
earth as centime. He explained the daily motion 
of sun, moon, planets, and the perfect steadiness 
and uniformity of the motion of the star-sjdiere, 
by assigning to the earth, as she circuits once a 
year round the sun, a perfectly uniform motion of 
rotation on her axis. 

In another imjier I proj)oso to show in what 
re8i>ects the tlieory of C^^oi)ernicus was deficient, 
how Kepler |)erfected the exi>lanation of the celestial 
motions, and how Newton showed the nature of 
the mechanism to which these motions are due. 


HOW PLANTS FEED. 

By Robeut Bkown, M.A., Ph.D., F.L.8., btc. 


A very unscientific glance at a flowering 
plant shows the ordinary observer that the 
flower is intended for the pei'petuation of the s])ecies 
by forming the seeds. The leaves, we have already 
seen, constitute the lungs and the stomacha The 
stem is often wanting, and therefore cannot be 


absolutely essential ; while the roots, it is obvious^ 
flx the plant in the soil : that is to say, when t'le 
plant is fixed in the soil; for some of the oi*chid 
order send their roots down from the limbs of trees, 
round which the plant clings, to find nourishment 
in the moist air ; while others, like the ordinary 



HOW PLANTS FEED. 


97 


duckweed of otir green-mantled pools/’ float al>out 
on the surface of the water, in which the roots hang. 
However, these are exceptions. Let us take a 
plant which comes within the rule. Any one will 
do. Here is a chrysanthemum. We see the roots 
are comix)sed of short, twine-like fibres, arising from 
around a central and thicker 2 >ortion, tapering away 
to a point, and which, though a true root, is the 
downward ^prolongation of the stem. To use the 
language of the botanist, the root is the ‘‘descend- 
ing” and the stem tlie “ascending axis” of the 
j)laut. Hero, again, is a turnii), in which the 
root is bulbous ; and, finally, among the shrubs 
whicli the gardener is i*ooiing up, jpreparatory 
to commencing his spring operations, we may 
(ind roots branched and branched again, until they 
cml in delicate fibres, which, after all, are the real 



Pig- 1 — Bhizome, Boot-Stx>ok. or underground Stem of Solomon s 
Seal {PolygoruUvm)^ showing the Soars or “Seals” left by tho 
Decay of the old Branches. 


roots, as these fibres wander through the soil, 
dig in among tlie stones and rocks, and thus search 
far and near for the food of the ])lant. It is per- 
fectly evident that the roots anchor the plant. It 
is almost equally self-evident that they also suck 
up out of the soil the food of the vegetable which aji- 
pears above it. Cut ofl* the roots, and the plant dies, 
unless others sprout out to take their place. If the 
roots are injured, the plant becomes sickly, just as 
an animal does if its appetite fails — or, in other 
words, is not in good working order. For we shall 
find presently that the roots feed the jdant, if the 
leaves digest that food, and tliat they really exercise 

13 


a discriminating power in the seleotion of what is 
good for them, and what they like, and in rejecting 
what is not to their taste or vholosome for the 
constitution of the vegetable, of wliich they are 
humble but all important functionaries. 

Every jiart of a plant which is underground is not, 
however, a root. Tho thick, root-like portion of 
the iris or water-flag, which creejis horizontally 
under tlie ground, is really a stem ; the roots are 
only the portions which hang fixim it. So is the 
corresponding jx)rtion of “ Solomon’s seal ” (Fig. 1); 
and HO are the tubers of jxitatoes, which are in reality 
— as we luay have occasion by-and-by to find out for 
ourselves — shortened and thickened branches, the 
eyes ” in which are really the same as the buds of 
the above-ground branches. Let us, therefore, see 
if we cannot detect any difference between the ix)ot 
and stem. We soon notice that tho root lias no 
true bark, while the envelojiing skin is veiy thin, 
and iKPssesses few or none of the jiores or o^ienings 
which are found on most of the green jiortions of 
the jdaut. We have already seen them scattered 
abimdautly over tho loa\es, and have there figured 
them (ji. 21). As they constitute important organs in 
plant life, we engrave one of them on a ^till huger 
scale than has been already drawn (Fig. 2). Next 
wo find that tho 
root has no true 
2 ntli, and no buds, 
and is generally 
covered more or 
less abundantly 
with delicate hairs. 

It will also vary 
much according to 
the soil in which 
it is grown. Take, for instance, the “ non-such,” 
whicli is everywhere so common in our pastures. 
Here we find the length of the root out of all jirojior- 
tion to the length of the stem. In sandy soil, the 
root has to be very active in searching for nourish- 
ment, just as people who live in poor coimtries have 
to be more industrious, in order to gain a livelihood, 
than those inhabiting licb ones. Hence the i-oots 
of these plants — like tlio bent-grass and tho sedges 
— will stretch very far. Again, the same root 
will in different soils have different characters. 
In rich ground it will l>e short ; in poor ground, 
long. Lucerne-roots will sometimes acquii’o a 
length of thirty feet ; while those of an ordinary- 
sized ash will not unfrequeiitly attain ninety feet, 
in their efforts to find food for the tree. What 
the plant feeds on, how the roots grow, and how 
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the materialB which they pump up out of the soil 
enable the whole plant to increase in size, wo shall 
consider by-and-by. 

Meantime, it is necessaiy only to consider 
the structure of the root so far* as will enable 
us to ascertain how it exercises its functions. 
Seek out, therefore, the most dcli(*ate fibrillet of one 
of these roots. Examine it with a inagiiifying-glass, 
then with a low power of the microscope ; and, 
last of all, slice it delicately with a razor — or as de- 
licately as you can, for this is an art which requires 
practice and skill — one of the tips, and something 



Pig. 3.— Tip of a Bootlet os seen under the Microsooiie. 


like what is i)ortrayed in Fig. 3 will, after some 
trouble, be seen. 

The delicate tip is, like all parts of plants when 
in their earliest stage, composed of the little bladders 
or cells which we have already sjK)ken of when 
discussing the structure of the leaf (p. 21). These 
colls are firmer on the exterior than in the interior, 
where they begin to assume the characteristics of 
the pith. Around the lower portion of the root-tip 
is a kind of cap or sheath of flattened cells, and at 
the lowest jMjrtion of all a number of loose deful 
oeDs, which have served their function, and are 
being thrown ofil They now serve no purpose in the 
economy of plant life, and are simply filled with 
aar, though at one time they were believed to 
absorb the nourishment from the sod. Higher 
up on the figure will be seen a number of very 
delicate hairs projecting from the side of the 
iX)otlet. These hairs are, like all vegetable hairs, 
simply cello, elongated, instead of being more or less 
globular, as in other portions of the plant These 


hairs require only sharp eyesight, or, at best, a mag- 
nifying-glass, to be seen. The other parts can be 
studied through the microscope only ; and the root- 
sheath is not readily detected in all plants. In the so- 
called “screw-j)ine,” however, it is remarkably well 
developed. When the roots of this tree dry and con- 
tract, the root-cap or sheath is sometimes seen cover- 
ing it like a long hat. It may also bo well seen in 
some of tlie fir order, and in the ordinary duckweed 
it is easily seen without the aid of artificial means. 
It there protects the tender floating root from the 
shock of foreign bodies, and against the attack of 
minute animals (Fig. 4). Such is the general struo- 


tui*o of the root, which 
difiers only from that of 
the stem in a few not 
very important particu- 
lai’s, which can })ei‘haps be 
Ix^st considered when we 
have occasion to investi- 
gate how a plant grows, 
and how the food sucked 
up by the roots nourishes 
the plant, and increases 
its bodily structure. Tlie 
next question to consider 
is. What are the uses of 
the roots] These, we 
have Jilready seen, must 
j>rimarily be to fix the 
plant in tlie soil, and to 
draw up the food of the 
plant fx’ora the same 
source. Indeed, the one 
function must necessa- 
nly be dependent on the 
other. Without plants 
being fixed in the soil, the 
nutriment could never be 



Fig. 4.— Duckweed (Lemna) • the 
lower Portion of the Boot, 
which seeme thicker, being 
the Ampulla or Sheath. 


extracted from it by them. But is not the rose of 
Jericho — so called because it is not a rose at all, but 
a plant belonging to the cabbage and turnip order — 
an exception 1 In reality it is not, for it gets up- 
rooted only when it dies away ; and such also will 
be found to bo the case with the other supposed ex- 
ceptions. It will be seen that the position of a root 
buried in the soil enables it to escape the vicissitudes 
of climate to which the rest of the plant is subject 
— the summer’s heat and the winter’s cold — and 
thus assists in preserving the life of the plant. The 
root is the first portion of the plant which appears 
when the seeds burst. Until the rootlet can fix 
itself in the soil, the young plant cannot commence 
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life for itself. lu the same manner, a settler in 
a new country, before he commences to make the 
woods ring with his axe-blows, or oven to roof his 
hut, makes pi-ovision for his bodily sustenance. 
Tlien, after his flour and his bacon are stored in 
his tent, his house roofed in, and his household 
goods set up, he brings his family to the scene of 
action, and commences life in earnest. And so it 
is with the vegetable. It first makes provision for 
sustaining its life, and then it puts forth its other 
organs. Finally, after being assured of sustenance, 
it blossoms, produces seed, and then multi[)lieH and 
inci’oases. How necessary, even in an early stage 
of the plant existence, is the soil, in order to 
tem])er the climate to it, is evident from the fol- 
lowing fact : — On the table-lands of the higher 
C^olorado, the heat is \ cry gn'at. During the gi’eater 
portion of the year no rain and very little dew fall. 
Hence the soil for sonu^ inches ])elow the surface is 
arid, hot, and parched. But the Mocpii Indians 
raise, notwithstanding, good (•ro])s of maize by plant- 
ing the seed at a depth of about a foot. Tliere it is 
beyond the influence of the sun’s rays. The young 
rootlet, when sprouting out from the seed, is not 
Imriit up, and it finds in the soil enough of food, 
until the plant g(‘ts stronger, and can l)ear the 
sun’s heat. 

It tliei’cfore follows that the plant is rooted in 
the soil in ordcT to extract nourishment from it. 
If the root Ls cut otT, the plant dies. All the young 
and delicate jjoi'tions of the root are engaged in 
absorbing nourishmoiit fi’om the soil, and cease to 
do so only when these parts got imper\ ious to mois- 
ture by the formation of a corky layer in them, and 
by the skin of the root otherwise thickening. But 
the root-hairs seem to play tlu' most important part 
in drawing up the liquid iiourLshment from the soil. 
We see this in a variety of ways. For instance, 
when the upper parts of the root get thickened, 
so that no nouiishment can enter, then the hairs 
fall off, but are renewed on the younger and thinner- 
skinned portions of the plant. All the nutriment 
of a plant must be in the form of a liquid or a 
gas. Nothing solid can enter into it through the 
walls of these delicate cells. Dissolve in a glass 
of water some of the materials which constitute the 
food of plants, and then colour it with a })inch 
of gunpowder. The plant will grow, develop its 
leaves, and even flower, and produce its seeds in this 
liquid soil Indeed, largo plants of maize have 
been thus grown and seeded. Then take out the 
plant, and analyse what remains of the water. 
It will be found first that the plant has absorbed 


some of the substances dissolved in the water, but 
none of those not dissolvt'd. For example, the 
minute particles of charcoal which coloured the 
water being incapable of being dissolved, but only 
“ held in susjKjnsion ” by the water, have been re- 
jected. Another fact, and c^uite as important as this, 
will be noticed : this is, that the plant lias not taken 
up all the substances which have been dissolved in 
the water, nor has it taken those which it has 
absorbed all in the same proportion. One substance 
it has greedily devoured, another sparingly, a third 
in scarcely appreciable quantities, and a fourth it 
has left untouched. Supposing that wo had gi’own 
another species of plant in exactly tlie same solution, 
we should find a diflerent result. Thus, as in the 
fii-st case, not one atom of solid matter had jmssed 
into the body of the plant. But the substances in 
solution would be found to be unequally absorbed. 
Perhaps some of those which tho first plant had 
rejected would be greedily swallowed j others, very 
little ; or, again, that of which only an unappre- 
ciable amount was devoured, would by the second 
plant have been taken up in considerable quantities. 
This shows that roots — acting on behalf of plants — 
have a *^solcctivc power.” That means that all 
plants do not I'equme the same kind of nouiishment, 
and that the root seems to have a kind of instinctive 
knowledge of what is best for the nutrition of this 
plant. 

Thei'e is one little difficulty which stands in the 
way of accepting this alluring doctrine of the 
imstinctivo character of roots, and that is, that they 
will absorb poisons which kill the plant. However, 
it is just possible that these substances so deaden 
or destroy the delicate tissues of the root as to 
render their jxiwei* of selection inert. Be that as 
it may, there can be no doubt of the selective powei* 
of roots. Indeed, this faculty lies at the bottom of 
much of our agricultural science and legislation. 
On it is founded the theory of tho rotation ” of 
crops, and that standing giaevanco of the farmer, 
tlic clause by which he is bound in his lease not to 
grow two wheat-crops in succession, not to sell straw, 
hay, roots, or, in fact, any fodder-crop off the farm, 
and so on ; the object being not to exliaust the soil, 
and to compel the cultivator to put into it, in the 
shape of manure, the substances which he has 
pi*eviou8ly extracted from it, by aid of the crops 
growm on it. For instance, a soil which would not 
supj)ort a crop of potatoes for two successive seasons, 
woTild be (juite good for oats, potatoes, or grass in 
three successive seasons, simply because what the 
oats did not care for the potatoes would eagerly feed 
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on, and what the potatoes and oats had spumed 
would be food enough for the grass. We thus see 
that manuring is just feeding the soil, and that 
deep jdoughing is only turning up the soil as yet 
unroached by the roots, and therefore still full 
of food for them. We also allow a held to lie 
fallow,'^ or plotighed but uncropped, in order 
that the yet undissolved food-elements in the soil 
may get time to go into the condition nccessaiy 
for feeding the plant — ^viz., eitlxer into the form of 
liquid or gas. In this we also see the explanation 
of such familiar j>hi*ases as tJiat a soil is good ” 
or ‘‘ biwl,” “poor” or “rich,” “good gmss laiul ” 
or “fair wheat Lind.” Indeed, in the selective 
power of roots lie consequences deej>er tlian at iirst 
sight seem evident. The selectiN e ])ower of roots 
is in reality the prijnary cause why nations spread 
naturally over the world. They must have land 
to cultivate their crops ; and before artificial 
methods of renewing the fertility of the soil 
wei-e discovered, it got “ exhausted ” or “ worn 
out,” and the agricultural ixeojde had to seek 
newer lands, wliicli as yet lay in all theii' virgin 
richness. 

The C^ivil War in America was due to tlie 
selective power of roots and ignonxnce of vege- 
table idiysiology. Politics aside, this is no para- 
dox. Tobacco JUid cotton are both exhausting 
crops. They i*equire many substances to nourish 
them, and a gi'eat deal of all of them. Hence they 
“ wear out ” the soil. For miles and miles along 
the banks of the Mississippi then* are worn-out 
estates of the thnftless planters. For a time this 
did not matter: land wjis plentiful and the soil 
virgin. But by-and-by the land which could be 
easily brought under cultivation for the staple 
crops got scarce. Th<*n the planters wished to 
remove to the newer States fui’ther west, and to 
carry along with them their “]ieculiar institution.” 
This was objected to by the fr(*e States, and then 
commenced tliat quairel which culminated in four 
years of bloodslicd, and tlie end of slavery on the 
North American Continent. If the Southerners 
iiad known about manures — or, mtluT, chosen to 
apply their knowledge as they have to do now — 
Appomatox Court House miglit still have l>een 
an obscure spot in Virginia, and “the late un- 
pleasantness” an unwiitten volume of the history 
of the Great Republic. 

Roots can i>erfonn their functions under strange 
cii'cumstances. Water-jdants have been seen grow- 
ing at the sides of boiling springs, and even in 
them ; while in the island of Tanna, ground near 


a volcano, though of the temperature of 210^ Fahr„ 
is covered with flowers. 

But I'oots perform another function necessary to 
the life of a plant. Grow a plant with its roots in 
a glass of water. Take care not to stir that water, 
so as to allow the atmosidieric air to enter; then 
cover its surface with a film of oil, so as to prevent 
the access of any more air. For a time the plant 
will gi*ow w(*ll enough, but after a time it appears 
sickly, and then just on that part of the stem 
above the suiface of the oil will appear small knobs 
which after a time will develop into roots, and 
these roots will descend, just as did the ordinary 
onoSy at the base of the stem. Tliis may not always 
happen ; but we are stating no supposititious case, 
but one whicli has more than once been observed. 
The reason of these roots thus springing out to sup- 
] dement the others in the water seems to be owing 
to the fact that the roots have exhausted tlie air in 
the water, and tlie oil preventing the access of the 
atmosjdioi’ic air, tlie plant has been compelled to 
throw out others above the surface of the oil, in 
order to p(*rfonn this necessary function of respira- 
tion; for the roots not only absorb nounshment - - 
they also bi'eathe, and air they must have, equally 
with the leaves, though not to so gi'eat or important 
an extent. We see this in many familiar cases. 
For instance, roots seek out and fill up dmins in 
their vicinity, the search for air being, though not 
the solo cau.se for this habit, yet the cliief one. 
Again, that plants breathe is shown by the fact that 
if roots are i>luuged into hydrogen, nitrogen, and, 
above all, carbonic-acid gas (p. 22), the plant will 
die in a few days. Tliis likewise explains why in 
cities trees often die wlien their roots are subjected 
to tlie influence of soil impregnated with ordinary 
coal-gas esca})ing from the neighbouiing pipes, or 
from entei’ing sewers where various noxious gases 
are accumulating or emanating. This function of 
roots also gives amateur gardenei*s a hint. Hor- 
ticulture is simjdy the art of keeping in health and 
multiplying arfificially certain plants. Now, this 
can be done only by knowing the laws of plant 
life, just as health will be destroyed if the laws 
regulating animal life be infringed. Amateur gar- 
deners are often grossly ignorant of the first prin- 
ciples of vegetable physiology, just as professional 
ones are ; but in the case of the latter experience 
makes up for the want of theory or scientific 
Itnowledge. When a citizen obtains a piece of 
ground, his enthusiasm to make a rus in urhe 
knows no bounds. He is seized with a wilder 
desire “ to garden ” than ever possessed Mr. Briggs 
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**to hunt/’ Ajid this hortictiltural zeal almost 
invariably takes the form of picking up every 
stone out of the soil, and of raking the surface. 
The result is that after the first few heavy falls 
of rain the soil gets caked, and in dry weather 
almost impervious to slight showers, and altogether 
to sufiicient oir. Now, if the stones had been 
allowed to remain, they would have kept the earth 
loose, and prevented the finely-powdered mould 


those of roses or of willows— are placed in the soil. 
But they commonly spiing from growing plants in 
moist, warm, shady places, sucn as the depths of ti’o- 
pical forests. In Madeira and TenorifTc, for instance, 
the Canary laurel sends out during the autumn 
a great number of adventitious or air roots, which 
surround the stem, and grow to the tliickness of 
the finger. In the following autumn they die and 
fall to the ground, giving place to new ones. Indian 




Fig. 5.— Visw OF THB Baktak.Trxb (Ftdw Jndxca), bbowivo Advbbtitioob Bootb 


from becoming soildcned. This also shows the 
advantage of fiequently loosening the soil round 
plants, so that air as well as moisture may more 
easily have access to the roota For the same 
reason, ti’ees should not be surrounded by pave- 
ment, or, plants grown in glazed pots, if Hiey are 
to be kept in good health. 

We have spoken of the roots which spiing from 
the plant grown in improperly aerated water. These 
were what are called adventitious roots,” or, liter- 
ally, roots which come to the assistance ” of the 
others. They occur regularly in some plants, and 
aze the roots which spring when cuttings — such as 


corn, oats, valerian, grape-vine, and other plants 
subject to the combined action of heat, moisture, 
and shade, will often produce those air-roots. Pro- 
bably they collect moisture from tho air, and also 
assist the imperfect respiration of the ordinary 
earth-roots of the plant. The adventitious roots 
of the screw-pine surround the trunk as if it were 
supported by a number of props. But the most 
remarkable, and probably one of the best-known 
cases of adventitious roots, is afforded by the famous 
Indian fig, or banyan-tree (Fig. 5). On the banks 
of the Nerbuddah, in India, is a gigantic tree of this 
species, which tradition affirms sheltered Alexander 
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tlie Great. The adventitious roots are so large as 
to appear like trunks springing from both stem 
and branches : so that this tree is composed of 
350 large trunks and more than 3,000 smaller ones. 
At one time, before part of it was carried away by 
floods, it was capable — so nins the tale — of sheltering 
10,000 men , but even yet 7,000 people could repose 
under its shade. The mangrove (Fig 6) is another 
shrub, or tree, which has these aferial roots well 
developed. In this case the main root will some- 


times decay, and the plant bo entiiely dependent on 
the adventitious loots. Tlio mangrove is esiiecially 
characteristic of the low, swamj)y, fe^ erish shoi’es of 
various inter-tropical coiintiies, and the tendency in 
it to send out roots in the air is shown even in the 
earliest condition of the plant. The seed begins to 
germinate while the fiuit is yet attached to the 
parent branch ; and often the young rootlet grows 
to the length of a foot or more bofoie the fruit falls 
into the mud. In some tropical countries when 
the adventitious roots are cut oft' others will spring 
out, and in some plants — the vine, for example — 
if the root gets injured, adventitious ones will 
often appear. In old willows it is a common 


subject of observation that when the stem becomes 
more or less decayed, adventitious roots will he 
produced in the upjier part of the trunk, as if it 
were attempting to obtain fresh supplies through a 
more vigoi^ous and healthy channel. It is said that 
the yellow water-lily — common in ponds and lakes 
in this country — casts its old roots and supplies 
their place by producing new ones, just as the 
Canary laurel does (p. 101) 

The root is, however, something more than a 


mere organ of fixation, nutrition, or respiration* 
We aie all familiar with the thickened root of the 
carrot and turnip, in which aie stoi*ed up supplies 
of starch and sugar, utilised as food for man and 
beast. It is, however, quite unnecessary to say 
that the plants did not stoi’e up their supplies for 
any such end. Tlie real purpose can be detected 
if we allow a turnip-field to remain undisturbed, as 
is the case wlion it is wished to obtain the seeds. 
During the fii*fet winter the plants have their 
bulbous roots — ^the turnips of agriculture — fresh 
and full of “ flesh.” By next autumn the plants 
have flowered and produced seed, and the once 
well-filled roots are mere shells. All the starch. 



Fig. 6 — Manorovk { Khiaophara ), bhowino rnr ARVFirnTious Boots which Support the Tars afteb th* 

Obiuinal Boot has oiad away. 
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sugar, and juices have been sucked out of them 
to sui)port the plant’s exliaustivo process of flower- 
ing. The farmer, however, by removing the 
bulbous roots from the soil in the autumn and 
winter, preserves for the use of his stock the 
nutrient substances which would otherwise have 
gone in the ensuing autumn to support the 
growth of flower and seed. In like manner the 
starch, as in the ‘‘tubercles” or bulbous roots of 
orchids, goes to support the plant. In the hog- 
plum th^se tubercles contain upwards of a pint 
of clear Iw^uid, and in the Kalahari <le 8 ei*t — 
according to Livingstone — the liquid stored up in 
the roots of such plants serves an important use 
among the Bojesmen who inhabit that arid waste. 
In varioxis water-plants — such as the bladder-wort 
{UtriculLina)—mmQ oi the leaves are transformed 
into little floats lillod with air, so as to buoy the 
j)lant on the surface of the water ; but in certain 
other aquatic plants of the genus Jiissum this role 
is sustained by the loots, some of which are trans- 
formed into swimming bhulders of a more or less 
cylindrical sliapo. 

Last of all it is believed that some jilants use the 
roots to throw off some substances which are useless 
to the plant, and which thence become noxious to 
the soil. Thus, it is commonly said that the darnel 
grass and flea-ban(' are hurtful if grown in wheat- 
fields, that the creeping thistle is “ antii)athetic” to 
oats, the purple spurge and field scabious to flax, 
the corn spuriy to buckwheat, and so with a long 
list of other plants in cultivation. Again, on tho 
contrary, it is believed that wheat is a good crop 
to precede beans or jxjas, from the idea that wheat 
has sent out from its I'oots substances which are 
beneficial to the life of these plants. There is, 
however, no real grounds for the belief that roots 
“ excrete ” substances. Indeed, even supposing that 
these “ excretions ” could remain in the soil long 


without undergoing cliemical change, it is difficult, 
as the writer has remarked in another place, to see 
“ how many plants could grow on the same field if 
tliis were true \ or how, if a plant sends out noxious 
substances into the soil, gi'eat tracts of country could 
be covortnl with the same species; how forests could 
be com]')08ed of different species ; or, indeed, how 
an isolated tree could flourish for liundreds of yeai*s 
in a soil imi)regnated witli its own excretions. Each 
plant has, however, the power of making tho soil 
less suited for others of the same species, or of 
other sj)ecies of the same family which succeed it, 
though improving it for species of another family. 
Oaks, for example, I'ender the soil more suitable for 
firs, and mce wrsd.” This is the real explanation of it. 
Tlius, leguminous crops (beans, peas, tares) pi-osper 
after cereals (wheat, barley, oats), simply because 
the fii’st order of plants deri^^e their nitrogen from 
the air, and tlie other from the earth ; the one 
exhaicBtSy the other improves tho soil. Still there 
is no use denying that roots exercise a certain 
chemical influence on certain hai*d bodies. A root 
of the cat-mint has l)een seen growing througli tho 
midst of a peach-stone, while — among many similar 
instances — it may be mentioned that the roots of 
some ]»lants have a corroding influence on marble, 
This looks as if an acid had been given off : but 
we really know nothing about it. We have thus 
scon that the roots are at once the feeders and the 
anchors of the jdant — os well as its underground 
lungs, tho floats of some water species, and the 
storehouses against an evil day of many others. 
Its functions are known thus far ; but a knowledge 
of tho use of the root, as well as its structure and 
development, are — in common with similar infor- 
mation regarding the leaf — tho keys which oi)en the 
gateways to vast fields of knowledge. With this 
knowledge, the reader may not be wise: without, 
he cannot but be ignorant. 


EMPTY SPACE. 

By William Ackkoyd. 

Fellow of the Jnetitute of Ohern'infry of Groat Brilavn and Ireland, «tc. 

T here is a plaything called a sucker,” con- and the leather with the adhering stone is lifted 
sisting of a cii’cular piece of soft leather, to up from the ground. Some who read these lines 
the centre of which is attached a foot or two of may recollect that in their early days the mark of 
twine. It works in this way : the leather soaked a good sucker was the great weight it would lift ; 
with water is pi'cssed against the surface of a yet no boy, unless perhaps a Faraday in embryo, 
•mooth stone ; the string is then pulled gently, asked himself why the sucker adhered to the stone ? 
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he rested content with the feat accomplished, or 
the fun derived from it. It may now appear to 
many passing stj'angc, but it is none the less a 
fact, that the reply is intimately connected with 
the consideration of space , and in dealing 

with this subject we sliall incidentally answer this 
and other equally curious questions. 

When we have pour(*cl all the w'ater from a de- 
canter, we are accustomed to si)eak of the vessel as 
empty. In reality, however, it contains air, and not 
UTitil every })article of this air has been removed and 
none allowed to re-enter can we strictly sjjcak of 
the void within as empty sj)ace. Such a condition 
is an ideal shite wlncli the pliysicLst may constantly 
strive after and get nearer and nearer to, but never 
roach. It will be understood then that by empty 
si)ace we mean those apjnmchos to it wliich may 
l»o obtained by means of the air-]>ump, with various 
accessory devics^s Let us therefore at once ascer- 
tain how to produce empty space, and having 
obtained either it, oi an apju'oximation to it, we 
may then study its peculiarities. Steam occujnes 
1,650 times more room than an equal weight of 
water. If we could therefore till a v’^essel with 
steam, and then convert this Rt(\im iiioo water, wo 
should pmctically obtain (uiipty space, for the room 
which before was taken up by ste.im would now be 
void. The reader will see tins more forcibly by 
taking note of what Fig. 1 is intended to teach. 



Pi?. 1.— lUustratmg the Relation between the Volume of Water 
and Steam 

The largo cube roj>resents the sjrace taken up hy a 
quantity of steam, and the little cube (a) in the 
comer the room occujned by the water formed wdion 
all this steam is condensed Tills idea being grasped, 
we may now in the endeavour to obtain the desired 
result take a tin can, with only one opening, from 
which proceeds a tube with a tap attached ; put in 
a small (piantity of water, and boil it (Fig. 2). 
When all the water is couvei*ted into steam, i^einove 
the heating apparatus, and at the same time turn 
the stop-cock in order to prevent the ingress of 
cold air. If the steam be then condensed quickly 
by sprinkling the outside of the can with cold 


water, a curious thing happens. The can is sud- 
denly crushed in. As we see nothing in contact 
with it competent to produce the eftect, we are led 
to infer it is done by the pressure of some invisible 
agent. So far as the production of empty space is 
concerned, the experiment will plainly not answer 
our pui-pose ; but wo have teamt that an external 
soniething presses heavily on the vessel — a fact 
which may bo of future use to us. 

Our next attempt shall be of a different nature. 
When we jKiur water down a tube, it passes through 
and falls to the gi*ound, or into a vessel placed to 
receive it. Take a tube open only at one end 
instead of both, and lay it down in a trough of 
water. It fills directly. Now keeping 
the open end under watei’, lift up the 
closed end until the tube is perpendi- 
culai. Since water falls through empty 
tubes, it ought to fall down this closed 
one, and thus leave an empty sj>ace ex- 
tending from the toj) of the tube to the 
surface of the water in the trough. We 
try the experiment. Not a particle of Fig. 2 — niiw- 
water falls, and we have therefore to ^esaure ^ of 
register another failure. We lepeat emiityVessS! 
the experiment scveml times with a 
like result, using at one time a glass jar, and at 
another a glass tumbler. This efiect was so 
unexpected that wo pause to think over it fur a 
while. An idea flashes upon us, and in a very 
short time we have vaguely connected cause and 
eftect. May it not be that the piessure of that 
external and invisible agent which caused our 
fii'st failxu-o is here at work pressing up the water 
into the glass vessels we have used] The sug- 
gestion is worth following up, and jiresents itself 
with extra force when we call to mind a geological 
phenomenon jirecisely analogous. Down in a coal- 
mine the collier in his liun'o wings has to leave 
Pinal'S of coal untoiiclied in order tliat they may 
sujiport the heavy roof. Sometimes a veiy annoying 



Fig 3 --Section of a Newcastle Coal-Pit. (Adapted ajter Bvddel.) 

thing hapiiens. The pressure of the great mass of 
overlying rock on these pillars is so considerable 
that the soft flooring is forced up and completely 
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fills the passa^ (Fig. 3). It takes place very 
slowly, but none the less surely. First a slight 
bend of the floor is observed ; the bend becomes 
more decided ; then it cracks, and in the meantime 
has nearly reached the roof. Let us minutely 
compai’e what here happens with the experiment 
that puzzles us. 

First take another jar or tumbler, and instead of 
23lacmg it in the trough to fill with water, biing it 
on to the water’s surface with its mouth down- 
wards. The water does 
not rise in the vessel, 
because it contains air. 
In our former experi- 
ment, therefore, the 
Fig. 4 -luvo^ Tumbler fuU ]>lainly adhered 

to the inside of the jar 
because there was no air to keep it out when the 
invisible agent pressed it up. Figs. 3 and 4 will 
now exhibit the analogy in its full force. Fig. 3 
ropi*esents the conditions which obtain in a ]»it. 
Fig. 4 all we see in our experiment. The soft floor 
in Fig. 3 anHwei*s to the water in Fig. 4, and the 
gallery of the 2 )it to the interior of the jar. In the 
one case the cavity is surrounded by rock, in the 
other by the invisible atmosphere. Just, then, as 
the rock forces up the floor in the one case, so may 
the atmosphere force up the water in the other, 
and such a hypothesis or supposition would be 
quite consistent with what we liave hitherto 
observed. If we see as we j^roceed that our hyjx>- 
thesis harmonises still more facts, it will become of 
some value, and will not only account for those 
facts, but also indicate others which on searching 
for we ought to find. Tlie compass is not more 
useful to the mariner than hyj)otlie8is to the scien- 
tific man. Let us therefore follow this one wo 
have framed whither it leads us. 

When Messrs. Glaisher and Coxwell made their 
remarkable ascent in a balloon, to the height of 
29,000 feet, the air was so thin — /.e., there was so 
little of it in a cubic foot compai’ed wdth the 
quantity in that volume at the earth’s surface — 
that Mr. Glaisher fainted. We have reason to 
believe it grows thinner and thinner the liigher we 
go; hence there is j^robably a limit to the atmo- 
sphere. Astronomers think that this limit is 
somewhere about 200 miles from the surface of 
the earth. It is a column of air reaching from 
this great height to the place where we stand that 
probably exerts the pressure of which we have 
been speaking. We may now make exact expe- 
riments in a manner which will be best understood 

14 


after a little consideration of some introductory 
examples. Suppose we had three rods, one of 
glass, another of lead, an4 a third of cork, all of 
the same area in cross section, and perfectly round. 
Let the rod of cork be 40 inches long. If we now 
place this column of cork on one of the pans of a 
balance, we shall find that we have to chij) down 
the lead to a length of 1 inch to moke it counter- 
poise the cork ; and to make the glass balance the 
cork we have to gi-ind it down to a length of 
4 inches. It is hardly necessary to mention that 
the 4 inches of glass will just counterpoise the 
1 inch of lead, since they each equal the 40 inches 
of cork in weight 
(Fig. 5). Now if we 
were dealing with 
liquids we should 
have no need to use 
a weigh-scale, for the 
liquids would balance 
themselves. Take a 
glass tube bent into 
the shai>e of a U, 
and ix)ur into one 
limb mercury and 
into the other water 
(a, Fig. 6). Like the 
columns of leatl, glass, 
and cork, we find hei'e 
that the columns of 
mercury and water 
are of unequal lengths. Measure the length of 
the watcj-column a' 6', and likewise that of 
the nuTcuiy a b; and measure both from the 
same level, the bottom of the water. The column 
of water is thirteen and a half times longer 
than that of mercury, but they are both of the 
same weight, because they balance each other. 
Now we come to the point. In a sy 2 )hon bai’o- 
meter (b. Fig. 6) the column of mercury a b is 
balanced by a column of air extending from a' 
upwards to the i)lace which would rej^resent the 
limit of the atlnosphei*e were our diagram large 
enough. The column of mercury is about 30 inches 
high, and be it noted therc is no air in the upper 
part 6 c of the closed limb, or the mercury could 
not be forced so high. We have just seen that a 
column of water balancing one of mercury is, 
roughly speaking, thirteen times longer ; conse- 
quently the atmosphere which balances 30 inches 
of mercury will balance thirteen times 30 inches, 
or 33 feet, of water, and water as a matter of 
fact will rise no higher than 33 feet in a 



Glass 


Lead 



Fig. 5. — Lead aud Gloss bolouciag 
each other. 
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water-pump when the air is sucked out by working 
the piston. 

One hundred and fifty years B.C., Ctesibius of 
Alexandria? by inventing the common pump utilised 



Pig. 6.— (a) a long Column of Water ^alondng a gmall Column of 
Mercury ; (b) a loug Column of A ir balancing a tunoll Column of 
Mercury (Syphon Barometer). 

the principle wo liavc amvod at without knowing 
it. We generally find, however, that in these 
matters Nature is a long way ahead of us, and in 
the pi'cscnt instance ccHaiii of the cuttle-fishes, 
squids, &c., arc eiulowed with means for obtaining 
sustenance baaed on this same principle. Here is 
an account of the exploit of one of these monsters 
taken from a scientific contemporary : Victoria, 
Vancouver Island, Sei)teml)er 27th, 1877, — An 
Indiiui woman while bathing was pulled beneath 
the suiface of the water by an octopus or devil- 
fish, and drowned. The body was discovered the 
following day in the bottom of the bay in the 
embrace of the monster. Indians dived dow’n and 
with their knives severed the tentacles of the 
octopus and rescued the body. This is the first 
recorded instance of death from such a cause in 
this locality, but there have been several narrow 
escapes.” 

The arms of the octopus are supplied with 
fleshy suckers, which when once attached to its 
victim are with difficulty got rid of. In explaining 
their nature the reader will see that they work 
exactly like the plaything described at the com- 
mencement. Each fleshy sucker is a stalked cup, 
from the bottom of which rises a plug that nearly 
fills it. By the action of muscles this plug can 


withdrawn When therefore the margins of the 
cup are applied to any surface, and the plug is 
drawn back, a j)artial empty space is produced, and 
the sucker adheres to the surface by atmospheric 
pressure. Fig. 7, A, is the sucker of a squid that I 



?ig. (a) Sucker of a Squid ; (b) Section of a Leather Sucker. 

have roughly sketched. A word hei’e about the 
leather sucker will not be out of place. When we 
pull the string the middle portion of the leather is 
di*awn ii})wards ; a partial vacuum or empty space 
is createtl at a (b, Fig. 7), and external pressure 
prevents the separation of the leather and the 
stone, just as the fleshy disc and the substance it 
is placed agjiinst arc lield together in the animal 
sucker we have been descrilting. 

In the scori)ion, too, the same piiuciple is applied, 
for, according to Prof(‘ssoi’ Huxley, there is behind 
its mouth a bag-like cavity which it can open and 
squeeze to at pleasui*e. Its motion, in fact, is just 
like that of an indiarubber ball, which may \je 
squeezed together by the })reHSure of the hand, and 
will expand in virtue of its elasticity when that 
pressuT'e is removed. Wlien the scorpion ai)plics its 
mouth to the wound it has made on its prey, this bag 
is gi'adually opened, and the juices rush in to fill up 
the empty space ; when the bag closes it forces the 
contents down its throat. The process is of course 
repeated again and again until the animal is sated. 
Hence we see that the blood-sucking of a scorpion 
and the succejssful working of a certain plaything, 
the rise of water in a pump and the grasping of 
its prey by the octopus, are all based on the same 
principle — a principle which so far has prevented 
us from obtaining even an approximation to empty 
spjioe. Before resinning our search for it, it may 
be well that we should tell the story of how the 
foregoing facts have been ascertained. 

In the early part of the seventeenth century 
flourished a man whose fame became world- wide. 
In the bigoted and superstitious age in which he 
lived he shone a star of the first magnitude, and 
the splendour of his light has not been dimmed 
even by the rise of other suns, nor yet by the 
obscuring effect of the ever-receding past. This 
man, named Galileo Galilei, was the inventor of » 
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telescope with which he swept the heavens and 
ascertained many of those wonders that have since 
thrown observers into raptures and ix)ets into 
song. He discovered that most im^jortant property 
of swinging bodies, which enables us to regulate 
our clocks, and to him are due many other great 
discoveries which have enriched our knowledge. 
It so chanced that when he was glowing old the 
Giund Duke of Tuscany had a difficulty. For 
ceiiain fountains, his pumps wore required to raise 
the water some 40 or 50 feet. But howsoever 
2 )eifect the pistons of these pumps were made, it 
was found the water could not be drawn so high. 
According to Galileo’s measurement, tlie water 
ascended about 32 feet, and as he had previously 
learnt by experiment that air has weight, he 
readily conceived that the column of water was 
maintained at this height l)y a similar column of 
air of indefinite length. The ideas of the master 
being doubtless dominant in the mind of tlie dis- 
ciple, it happened one year after Galileo’s death 
that Torricelli, a piq)!! of his, bethought him of a 
neat method of demonstrating this point. Toiri- 
celli reasoned thus : “ Mercury is about thiiiieen 
times heavier than water, therefore a column of 
mercury cquivdent to 32 fe(*t of water would be a 
thirteenth of this in length, or about feet. If 
then I take a tube about 40 inches long, and sealed 
at one end, then, filling it to the brim with mer- 
cury, close the opening with iny finger and bring 
it under the suiface of mercury in a basin, u})on 
taking my finger away the mercury-column ought 
to fall until it measures feet long from its toji 
to the surface of the mercury in tlic basin.” His 
exj)eriment was a success, for his reasoning was 
connect j and thus oxiginated the barometer. Some 
five yeai*s after this, such a barometer was carried 
up a mountain at the suggestion of Pascal, the 
celebrated Frenchman, who argued that if this 
mercury-column bo sustained by a column of air, 
then as we ascend a mountain it ought to become 
less and less in length. Expectation was again 
realised, and in 1804, when Gay Lussac made his 
balloon-ascent, he found at a height of 23,000 feet 
that the column of mercury was only 12 J inches 
long (p. 30). 

It appears, then, that in any device we may adopt 
for procuring empty space, there must be no liquid 
forming even the smallest part of the boundary of 
that empty space, or it will soon inevitably fill it. 
We must set about, then, and seek some method 
different from those we have already tried, or at 
least some modification of them. In problems of 


this kind we may often receive ideas from the study 
of Nature’s devices, and in the 'iresent instance the 
sucker of the octopus suggests the employment of a 
tube with an air-tight plug, and for i*egulating the 
air-currents we bethink us of the action of the 
valves in blood- veins. It is requisite that blood 
should flow one way in these veins ; they are 
therefore provided with pouch-like folds of the 
inner wall of the vein, and so long as the blood 
runs the right way, as at A, 

no resistance is offered to A < M L 

its flow, but when any 

tendency is manifested to 

inin the wi'ong way, this 3 ^ y ^ 

very action of the blood 

lifts up the valve to bar Fig. a— Action of the Valrcfc 
- ^ ^ of the Veins, 

the jxassage, as at B. 

With a movable and air-tight plug and a suit 
able dis 2 )osition of valves many kinds of jmmjis 
might therefore be devised. We will describe 
one of the simplest. On a smooth and {xerfectly 
fiat plate a bell-jar rests (Fig. 9). In the middle 
of the plate there is lui aj^eHure from which a 
jxijHj leads to the Tlxe ixortion of the 

appamtus ahc is geiieiully called the “ receiver.” 
Tlie tube from the receiver entei's the baii*el of the 
pumj) at f; at p we have an air-tight juston which 
will move u}) to d and back again to e. There is a 
valve at v 02 K?ning outwai’ds. Now when the piston 
is jmlled up to e, it forces the air in this portion 
of the barrel through tlie valve, and at the same 
time the aii* in the receiver and remainder of the 
barrel has cxjianded to fill iqi the increased space. 
When the jnston is jmshed back, no air entei’s 
through tlie valve, as the latter is kcjit shut by the 
weight of the atuiosjihcre outside ; and when the 
piston gets to c/, more aii* from the receiver rushes 



Fig, 9.— To illustrate the Action of the Air-Pump. 


into the barrel, and at the next back-stroke is 
carried forwards through the valve. Mark that 
the valve permits of the air passing only one way — 
from witliin to without. Repeated working of the 
piston to and fro reduces the air in the receiver 0 
to such an extent that it would not support animal 
life ; still there are billions of molecules of gas in 
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it which cannot be removed by pumping alone : 
this small i*esiduum of gas being incompetent to 
I'aise the valve when the piston approaches it. The 
pump we have described is known as Grovers. 

In the exjjerinient of Torricelli, already gone into, 
there is an empty space at the top of tlie barometer- 
tube, which is generally known as the Torricellian 
vacuum, and we can readily obtain such an empty 
space by means of the Sprengers pump. Thei-e are 
no valves in this pump, and its manner of working 
is exceedingly simple. Mercury flows in a con- 
tinuous stream in one of the limbs of a T tube 
until it reaches tlie crossing ; it then })rocoeds for- 
ward in a broken stivam, or as a scries of mercury- 
plugs, each of which oiirries a small quantity of air 
before it, this air coming from the remaining limb. 
If thei-efore a vessel be attached to this limb, 
and the joint be made air-tiglit, such a vessel will 
perform tlie function of a 
receiver, and will soon be 
nearly exhausted of air, if 
we keep the mercury flow- 
ing. 

The vessel c is, after 
awhile, emptied of air to 
siicli an extent that T liave 
often seen it shivered into 
a thousand pieces nlien 
formed of thin glass, thus 
furnishing another example 
of tlie external pressure of 
the atmosphere. Fig. 10 is 
a sketch of a Sjirengel’s 
pump at work. 

In passing, we may 
observe that we have it 
now in our jiower to jirove 
by direct experiment that 
the air has weight, and 
thus to place beyond dis- 
pute all we have said al>out 
its exerting pressuiX3. Em- 
ploy a vessel with a stop- 
cock in tlie neck, and when 
exhausted hy the Sprengel 
pump, turn the tap to pre- 
vent the ingress of air. 
Now weigh. After weigh- 
ing, turn the cock and let 
in aii\ Weigh again. At this second weighing 
it will be found to be heavier than at the first, 
the diflerence being due to the weight of the air 
admitted. 



Second weighing . o • 2645*464 grams 

First weigldng . . . 262d'600 gralna 

Difference . . 19*964 grains 


Wo measure the capacity of the flask, and find it 
holds a very little over a pint and three-quarters. 
We can now say then that a pint and three-quarters 
of air weighs about 19*964 grains. This experi- 
ment was first tried in 1650, by Otto von Guericke, 
of Magdeburg, and may be said to be the first of 
that seiies of gas-weighings which form the very 
foundations of our modem chemistry. 

Now that we can get a vacuum or empty space, 
we ai*e in a position to study some of its peculijirities. 
rii*st, then, we are struck by the clink of the mer- 
cuiy as it falls down the discharge-tube in a 
Sprengel’s pum}) that has been working for some 
time. To what is this sound due] for we certainly 
did not hear it while there was yet much air in the 
pump. Let us modify the experiment by tiyiiig to 
reproduce it with some liquid other than the mer- 
cury. We make an instrument consisting of a 
glass tube with a little water in it, and sealed up 
in such a manner that we have a vacuum within. 
Upon shaking tliis tube, the water inside produces 
the metidlic sound, benee the iustniment is known 
as the ‘^water-hammer.’^ We will here describe 


how to make a water- 
hammer, so that the 
reader may tiy the ex- ^ (..J 

periment for himseh 
(Fig. 11). A little 
dextei’ity in glass-blow- I ) 

ing is required. Take V ^ 

a piece of glass tubing, ( \ 

and blow a bulb at one 
end (a). Fill the bulb 
with water, and draw 
out the upper part of / \ \ 

the tube to a fine con- y ) 
strictioii, so that the a b c 

bore at this particular ^ 

jMirt will not much ex- 
ceed in width the thickness of a pin. Attach to the 
end a piece of indiarubber tubing that can readily 
be opened or shut by a clip (b). Now boil the water, 
and whilst the tube is full of steam take it away 
from the lamp, and at the same instant tighten the 
clip. Then seal up the thin part of the tube 
with a sharp and small blow-pipe fiame (c). When 
the steam condenses, there is a vacuum in the tube, 
and the water gives that metallic click when shaken 
from which the instrument derives its name. The 



EMPTY SPACE. 


109 


phenomenon is thus generally explained : The noise 
accompanying any collision between two lK)dies is 
much lessened— nay, may be entirely removed — by 
the interposition of a soft cushion. Under ordinary 
circumstances, the air confined between the particles 
of water acts like such a buffer, and when we re- 
move it by boiling, and prevent it from entering 
again by having the water in a vacuum, then the 
water-pai'ticles can jingle together freely. The 
sound is thus transmitted to the glass eiiveloj)e, 
thence to the air, and finally to the ear. 

Sound cannot be produced in a vacuum. If wo 
place a musical box within the receiver of an air- 
pumjD, and let it rest on wadding, no matter how 
loudly it plays, we cannot hear it when the receiver 
is pro})erly exhausted. Had we, however, not ]»laced 
wadding under it, but allowed it to be in direct 
contact with the metal plate of the receiver, under 
sucJi a condition we sliould hear the box, for the 
instniment is then connected with the exterior by 
means of the plate just as the water in a “water- 
hammer ” is by the glass contaiiiing-tube. 

The relations of empty spac(* to life are rather 
interesting. Since animals require air to breathe, 
it is evident they would die at once if })laceil in a 
i)ei*fect vacuum ; and in vitcua such as we can pro- 
duce with an air-pump, backboned animals soon 
die, but those that have not \)ackbon(\s live for 
several days. The much longer |>erwstence of life 
in the one ciise than in the other would lead us to 
suj)posc that the organisation of one was much 
better fitted for life in empty space than that of 
the other. A comj)arison, then, will be instructiv^e. 
Now in backboned animals the breathing apparatus 
is confined to a limited portion of the body, and 
consequently the gases stored up in the parts remote 
from this region would, in viHuo of their great 
expansibility when jn'essiire is removed, cause the 
animal to swell out as soon as ever the receiver 
was exhausted, and death would probably result 
from rupture of the finer vessels of the body just as 



Fig. 12.—** Black-Beetle,'* with covering of right Side removed 
the Air>Hole« (mgrnata) 

soon as fix)m deprivation of air. Insects, on the 
other hand, have their skeletal paints on the outside 
of the body — an arrangement which would resist 
such a swelling until equality of pressure within 


and without was restored; moreover, their breathing 
apparatus ramifies throughout the whole body. If 
one side of the covering of a “black-beetle” be 
removed, on the skin beheath small apertures will 
be seen (Fig. 12). These little holes lead to a 
complicated system of air -passages which are 
found in every part (Fig. 13). The communica- 
tion between external and internal air is there- 
fore so ])erfect that difierence of pressure soon 
rights itself, and there is besides the greateso 
available amount of siiidiice exposed to air. The 
build of the insect is there- 
fore more fitted for life in 
empty space than that of 
the backboned animal. 

Hence, if we acce])t the 
belief of many astronomei's 
that the atmosphere of the 
moon is like the air in an 
exhausted receiver, we can 
readily fancy that its iu- 
habitfuits, if there be any, 
will partake more of the nature of cockroaches than 
of backl »orie(l animals. 

We all hav^e souk* idea of what an electric spark 
is (p. 45), for we see it on the grand scale in the 
lightning’s flash, and on the small scale when we 
rub the hairs of a cat’s back the wrong way in a 
dark room. In the laboratory readier methods are 
employed, by which one can produce the sjjark at 
pleasure. One of these is by means of a big bobbin- 
like instrument, known as the Ruhmkorff‘’8 coil (d), 
introduced into tlio circuit of a galvanic battery 
(Fig. 15). Such a spark when it passes through a 
vacuum exhibits very striking effects. The vessel 
(c) is lit up with a beautiful light, which diflfei’s 
with each gas we havt* in it, air giving a fiery rod 
to feeble violet light ; carbonic acid, a green ; and 
nitrogen, orange-yellow. These colours likewise 
vary with the degree of exliaustion, and with the 
dimensions of the containiiig-vessel. The light, 
moreover, presents a i)eculiar layer-like appearance, 
the alternate, stmta being much brighter than the 
rest, and for this reason the phenomenon has been 
termed the stratification of tJte electric ligM, 

In i)olar latitudes, discharges of electricity in the 
higher and rarer regions of the air give rise to tho 
aurora borealis, and our puny la>x)mtory experi- 
ments are here exceeded a million-fold. Nor do 
our experiments in this direction approach the 
natural phenomenon in beauty, the great arc of 
ever-varying light appearing like a luminous cur- 
tain of red, green, and yellow. By examiniug 
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coloured lights with an instrument called the than when the mercury stands at 28 in.; and, inde^ 
‘‘spectroscope^^ scientihc men can generally tell the it is an easy matter to calculate the exact density 
nature of the substance ])roducing tlie light. Such when the height of this mercury-column and the 
an examination of the aurom borealis has shown temperature are given. A bag of oxygen (o) com- 

municates with the interior of the jar by means of 
D, and the gas can be caused to enter to any desired 

II ^ ^ A sparrow was placed in the receiver, and the 

I I air highly rai’ehed. Ere long the bii'd began to 

I exhibit all those symptoms which precede death ; 

\ I when a little oxygen was turned on, the bird 

|| I regained its normal state. This exiierimont, cruel 

‘If as it may seem, suggested to M. Bert the cure for 

J I gicat distress which is experienced 

I by aeronauts at high altitudes (p. 105), 

and he proceeded to put it to the test in 
the following way. A metal cylinder was 
constructed of such a size that, whilst he 
was sitting within at ease, it could readily 
be exhausted to any required degree. 8u|)- 
plied with a bag of air well charged with 
oxygen, and accompanied by a sparrow 
i’lg 14 — Apparatus used m Bert s Pbysiologieal Expenments, a cage, he WaS shut in at thirty-Seven 

minutes ]>a&t two, and the exhaustive 
that nitrogen — one of the gases which go to form rarefaction at once commenced. He remained for 
air — ^is present, so that we may regard this pheno- aliout an hour, and found that the intermittent 


Eig 14 - Apparatus used m Bert s Pbysiologieal Expenments, 


menon as a grand electiical cxjieriment taking 
place in that great vacuum or empty space which 
aeronauts can never hojie to r(‘ach. 

Fig. 14 reprosents an ex]H'nnient made by M. 
Paul Bert, which is interestmg as having a direct 
bearing upon this subject. 

The air we breathe consists of oxygen and nitro- 
gen; it is the former which is the essential con- 
stituent, as it purifies the blood, and in so doing 
keeps up the anim.il heat. Now, the chief feature 
of M. Berths ex|)eriments is tliet of giving animals 
small doses of oxygen, as he maintains that some of 
the bad effects experienced by aeronauts, when in 
the higher regions of the atmosphere, are due to 
the comparative lack of oxygen. We will describe 
the means he employed to asceiiain this fact. 

In Fig. 14, A is a receiver which may readily be 
exhausted by an air-pump communicating with b. 
From c proceeds a tube dipping into a mercury- 
basin ; and the use of this common device will at 
once be evident. When the air begins to be rarefied 
by the action of the pump, and to exert less pressure 
on all parts inside the receiver, the mercury rises in 
the tube because of the outside pressure, and the 
length of the column serves as a measure of the 
rarefaction within. Thus, 29 in. of mercury will 
show us that the air in the bell-jar is less dense 


breatliing of air highly charged with oxygen 

brought the pulse to its 

normal rate, and removed V) 

the nausea which is felt / 

ill a higlily-rarcfied at- / 

mosphere. / 

To resume our study of / H 
empty space as produced j Sj 
in the laboratory : If we / v nH , 
take still more air out of / • /-J V 
a tul>e which exhibits /, 
these lovely appearances S 

when the electric 8i)ark > \ 'Vv/ 

is passed through, we at i 
length arrive, by con- ) - " 




Fig 15.~Pa«sage of im Electno Spark through rarefied Gaa. 


tinned exhaustion, at a condition of empty space 
which is incompetent to transmit the spark. It is 
at this point that another remarkable phenomenon 
may be observed which has been brought to light 
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by the labouw of one of our great modem phy- 
sidstfi — William Crookes* 

A little instrument called the radiometer may now 
be often seen in the windows of opticians, consisting 
of a globe of glass, within 
which four vanes are spinning 
rapidly round (Fig. 16). No- 
thing is seen to turn them, 
but they keep on quickly 
revolving so long as ever sun- 
light falls on the apparatus. 
The instrument consists of four 
arms of very fine glass, sup- 
ported in the centre by a 
needle-point which stands in a 
glass cup, and at tlie ex- 
tremities of the arms are fixed 
thin discs of pith, lamj)-blacked 
on one side. The lamp-blacked 
surfaces all face one way when 
in a given position, and the 
vane apparatus is so delicately 
balanced as to turn with the slightest imi)etus. 
When the globe is well exhausted by a SprengeFs 
pump, the light of a candle causes the vanes to 
spin round; but if it bo full of air, not even the 
light of the sun will make them move. There is 
much about it that puzzles scientific men, but they 
nearly all agree that the light which falls on the 
discs slightly h(*ats them, and these in their turn 
heat the rarefied gas, the resulting commotion 
among the invisible particles or molecules of air 
making the vanes move. Even under ordinary 
circumstances we see many pix)ofs that when air is 
heated it begins to move. On a summer’s day a 
pathway often becomes very hot, and communicates 
its heat to the air in contact with it. As a conse- 
quence, hot air rises and colder air falls. The 
visible ofifoct is a quivering motion of objects seen 
through the currents. At a distance of a few 
hundred yards we should say that the ground had 
been seized with a perpetual tremor did we not 
know that it was perfectly still. An exaggerated 
form of the same phenomenon may be thus readily 
produced at ary time. Heat a poker to redness. 


and then hold it in such a posi ion with regard to 
the lamp that its shadow is cast on the white 
ceiling j a wavy motion will be perceived on one 
side of the shadow, which arises from the com- 
motion of air induced by the heated poker. 

When light falls on the black surface of a radio- 
meter vane, it is absorbed, and the lam}>-blacked 
surface l)ecomes slightly heated. The motion of 
the rarefied gas produced is of such a nature as to 
cause a little more pressure on this black side than 
on the other. The black side therefore recedes 
from the candle ; the same thing happens to the 
next vane which comes up, and so the motion is 
kept on. Crookes found that while black vanes 
went round one hundred times, white ones only 
revolved eighteen — 1\ fact which is readily explained. 
White surfaces absoi'b or drink in very little light, 
and thus do not become heated to such an extent an 
black ones, which absorb nearly all the light that 
falls on them. The hottest surface produces most 
a(jrial motion, and conso(|uently will be most strongly 
jifiected; and hence arises the fact of black discs 
making one hundred revolutions for only eighteen 
of white iliscs. 

In conclusion : — Our i)rimary object has been the 
study of empty space ; and respecting such ai)proache8 
to it as are obtainable, we have learnt that this 
condition is unfavourable to the production of 
sound or the suj)port of animal life ; that a fairly 
good vacuum transmits an electric spark with won- 
derfully beautiful results, the same i»henomenon 
appearing on the largest scale in the anroni borealis ; 
that, in a better vacuum still, well-balanced and 
very light bodies begin to move when the rays 
from a candle fall on them. But besides these 
interesting facts we have incidentally learnt many 
important truths. For example, we have seen that 
the ail* we breathe has weight just as certainly as a 
stone possesses it; that it is this weight of air 
which presses up water into a pump and mercury 
into a barometer-tube; and, thinking nothing foreign 
to our subject which tended to elucidate it, we have 
Ijesides derived instruction from the scoq)ion and 
from the mine, from the octopus, and even fi'om 
the blood-vessels of one’s arm. 



Fig 16. — Crooked’ Badio- 
lueter. 


SLEEP. 

By Robert Wilson, F.R.P.8., 

Late Lecturer on idntmol Physiology tn the School of Arts, Edinburgh, * 

S TRANGE as it may seem, scientific men find it succession of states or moods into which mind and 
extremely diificult to define sleep. It is not brain gradually dinft, and in which the activities of 
exactly a state or mood of mind and body, but a the organs of sensibility and locomotion are temper- 
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arily Buspended. It is essential to a true definition 
of sleep that it be furthei- set forth, not only that 
this 8usj)ension of animation is temporary, but that 
it alternates with the o}>posite condition of vigorous 
activity. Life is action ; action involves waste, 
and waste necessitates repair. No living body is 
capable of sustaining continuous and unbroken 
activity. The experiment may be tried on a small 
scale and in a harmless manner. Let any one 
attempt to wave rapidly a lady’s fan to and fro by 
means of wrist-action alone, and he or she will find 
it impossible to keep on doing so for any length of 
time. A period arrives when the wearied hand 
must stop, because the muscles that act on the 
wi’iat-joint require rest to repair the damage or 
waste caused by the prolonged strain on them. 

Perhai)S the most curious illustration of this 
principle is one which Bichat thought bidied it. 
The heart, for example, goes on without stoppage, 
beating like “a muffled drum” our “ funeral march” 
to the grave. Its action during life never ceases, 
even in sleep ; and it may be asked, How does it 
repair the waste wrought by its unceasing work 1 
The fact is, the heart does not go on toiling without 
remission from year’s end to year’s end. It acts in 
a state of rhythmical contraction, and e^'ery beat it 
makes is, as we all know, followed by a pause, 
during which the organ rests and rcpaii’s itself. 
If the time taken up by each one of those little 
pauses or rests in the course of twenty-four hours 
be summed, it will be found to amount, strangely 
enough, to eight hours : a fair (mough allowance of 
sleep for a grown-up man. In a word, the very 
using of our organs destroys their tissues. Were 
it not for the periodic recurrence of sleep, which 
for a time arrests their action and offers an oppor- 
tunity for renewal, every living body would fret and 
wear itself away to a shadow. But it is in fact 
growing whilst it is asleep — in the sense that it is 
then repairing the destruction caused by the func- 
tional activity of the waking hours. During sleoj), 
no matter how deej> it may be, the nutritive or 
reparatory business of the animal frame proceeds 
without interruption. The heart does not cease to 
pump its vital supplies of bloorl into every comer 
and cranny of the organism. Tlu* lungs carry on 
their function of breathing with scarcely any ap- 
preciable difference. The organs which digest the 
food and convert it into the raw material of flesh, 
bone, and blood, engage with no diminished rigour 
in the work of nutrition. 

When we have once grasped the idea that what 
physiologically compels sleep is the necessity for 


repair, we can without much difficulty understand 
that this state is under the dominance of periodicity. 
In other words, the tendency to fall asleep is 
stmngest at regularly-marked periodic intervals 
of time, which again are conveniently marked by 
the diurnal revolution of the earth and the alter- 
nations of day and night. The silence, the gloom, 
the hushed darkness of Nature when wrapped in 
the sable pall of Night,” natmally render it the 
most convenient season for sleep. Of course in this 
case, as in many others. Nature revolts against the 
universal a]>plicatioii of a hard-and-fast law. There 
are many living, moving, flying, and creeping 
things, to whom night is the natural time for 
activity. The moth, the osvl, the bat, not to men- 
tion tlie carnivorous beasts of prey, are all day- 
sleepers and night- workers. Attempts have been 
made to found uj)on the periodicity of sleep a wide 
sanitary generalisation. They have tried to sub- 
stantiate the popular belief that night -sleepers 
must suffer in health if they become day-sleepers. 
In the case of the lower animals no conclusive 
experiments have been made with a view to elu- 
cidate this matter. As regards man, on the otlier 
hand, the data founded on ai’e usually far from 
complete. In the class of pei’sons who “ turn 
night into day,” either by working or revelling 
when the rf»st of tlie world is reposing, a high 
death-rate may prevail. But then night-workers 
are divisible into three classes : — (1) Those who, 
although they toil soberly at night, })ei*sist in 
working during a great portion of the day also ; 
(2) those who combine night-work with unwise 
indulgence in the use of stimulants ; and (3) those 
who simply turn night into day with the most 
prosaic literalness — that is to say, who work at 
night as they would work during the day, sleep 
during the day as they would sleeji at night, and 
who do not give way to debilitating personal habits. 
C’l early it is on this latter class that observation 
ought to be concentrated. For in regard to the 
other two the excessive mortality may be traced to 
other causes than mere night-work — ^namely, to 
dissipation, or to foolish curtailment of the natural 
and necessary period of rest. But where the night- 
worker does not unduly indulge in intoxicating 
liquors, where he is careful to sleep during the day 
as much as day-workera rest during the night, it 
is imix)8sible in the present state of knowledge to 
say that he suflfers any more from his toil than 
the generality of men who labour in sunlight. 
Night-watchmen in the police-force, for example^ 
are not a peculiarly weakly class of individuals. 
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Tiic degrees of lightness and heaviness of sleep 
are intinitely varied, and they pass from and into 
one another in both directions at all portions of the 
period of repose. Sleep does not always begin with 
drowsiness and end with torpor. Whilst it lasts it 
is constantly passing backwards and forwards be- 
tween these two points — as a succession of states in 
constant variation — a complex mood of being in 
which it is not enough to say that the sensory and 
motor faculties are in a state of suspended animation, 
but that they are all subjected to different and 
ever-shifting degrees of inactivity. Bichat brings 
out this idea of the complexity of sleep excellently 
in his definition : Le sommeil general est Ten- 
semble des sommeils pai*ticuli6rs.'' Thus, no general 
or sweeping dicta can be laid down as to the 
oncoming of sleep. A man may pass through all 
the transitions between waking and sleeping in 
twenty seconds, or three times in a minute. Ho 
may even pass a]^pareiitly witli absolutely no appre- 
ciable lapse of time between the two cxtreuies. Tf 
wc are to believe the late ingenious Dr. Macnish 
— better known as the “ Modern Pythagoi*can,” 
whose weird j»n)ers in Blackwoodts Magazine 
were the delight of a i)ast generation — sleep, as a 
rule, comes on gradually. Anybody may verify 
this by a little ])ersoiuil observation. Unless utteidy 
exhausted, a man may be able to note in Lis own 
case how sleep slowly steals over his senses — how 
there is a stninge ti-ansition period wlien the mind 
is balaiieed between sleep and waking, and when it 
is, to use the language of Maeuish, “ i)ervaded by a 
strange confusion which almost amounts to wild 
delirium ; the ide^ dissolve their connection with it 
one by one ; and its own essence becomes so vague 
and diluted, that it melts away in the nothingness 
of slumber.” Concurrently with a loss of sensibility, 
there is also a giudual loss of voluntary power — as 
may be illustrated by the slipping away of an object 
grasped by the hand of a |)ei‘son falling asleep. 

Sleep does not merely fluctuate in intensity at 
different periods of slumber. It varies in amount — 
or perhaps we ought to say duration — in different 
individuals. Just before a child is bom, its 
condition in the mothers womb is one of absolutely 
continuous sleep. If prematurely born, it sleeps on, 
save when at long intervals it is roused to take a 
little nourishment. During infancy it sleeps most 
part of the day away ; and then the length of its 
slumbers goes on diminishing till it reaches a 
minimum at the culminating-point of fully de- 
veloped manhood or womanhood. Fmm this 
point, as the individual declines into the vale of 
16 


years,” the amount of sleep he requires grows and 
grows till, when second childhoc d comes, the veteran, 
like Old Parr,” sleeps hi# drowsy life away after 
the manner of infancy. These facts must be 
familiar to everybody, and they need no complex 
apparatus to demonstrate them. But what do they 
indicate 1 Surely, a I’emarkable verification of the 
idea with which we started — to wit, that the primary 
office and object of sleep was the renewal of tissue- 
waste. For we know that in old age tlie strain of 
making good broken-down tissue is greatest, because 
during that period the nutritive forces are most 
sluggish in action. Then, again, in infancy, although 
there is comparatively little repair to be done, 
because waste is minimised, yet growth is swiftly 
going on. But, practically, growth and repair, for 
the immediate purpose in hand, are alike. They 
are both constructive, as opposed to destructive 
operations. Thus we see that when the pressure 
put upon the constructive agencies in the human 
body is greatest, the amount of sleep it takes is at 
a maximum. When the two sets of forces balance 
each otht*r, as in a man in the prime of life, the 
amount of sleep is reduced to a minimum. In his 
case growth, iu the sense of development, has ceased. 
As for repair, the strain of it beat's but lightly 
on niitritive functions which, in adult life, are in 
their most j>eifect and active working order. 

What are we to say as to the cause of sleep % It 
is very easy to catalogue the predisposing causes of 
sleep, but most difficult to speak with confidence 
concei’ning the direct ones. The firet and most 
goneial prcdisitosing cause of sleej) is a negative 
one. It consists in the absence of everything that 
stimulates the senses, or oppresses the mind. Dark- 
ness or the absence of light, silence or the absence 
of noise, repose or the absence of muscular exertion, 
all help to bring on sleep. To some it may seem 
sti'ango that continuous noise acts like quiet. The 
truth is that the monotonous repetition of stimuli 
to the senses produces a level unifoimity of impres- 
sion which is px'actically, for soporific puiposes^ 
equivalent to the absence of impression altogether. 
In this way the influence of a monotonous chant or 
lullaby, the hush-o-bye, baby,” of the nursery, the 
murmur of the waves, the sough ” of wind through 
the branches of ti'ecs, and the dull roar of machinery 
in predisposing to sleep, may be explained. Same- 
ness of impression also acts in a manner which bears 
on the oixeration of another great predisixosing cause 
of sleep — namely, freedom from mental oppressions 
or activity. It neutralises the self-cousciousness 
of the mind, by making it cease to think of its own 
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owmtiona i>r. Cai’penter, for example, ix>iiit8 oufc 
that even when the mind is, by an act of will, 
dii’ected to the contemplation or evolution of 
monotonous impressions, the effect is the production 
of sleepiness. He cites, as an example, a well-known 
popular remedy amongst scholai’s for sleeplessness 
— ^namely, the automatic repetition of the tenses of 
a Greek verb. No doubt, if a man is troubled by 
some exciting anxiety which would keej) him awake, 
owing to the hun*ying crowd of disturbing foal’s 
that it might engender in his mind, he will probably 
find it difficult, if not impossible, to bring on sleep. 
But if by an act of will ho can transfer his attention 
to a dull, monotonous train of hai’mless ideas — e,^., 
many sermons iind most poems — he will, by a pro- 
cess of self-tranquillisation, place himself under the 
op(}ration of a predis^>osing cause of sleep. On this 
head, however, the late Sir Henry Holland gives 
one caution. He says, “ The influence of the ]>ro- 
vioiis stat(5 of the mind in procuring or preventing 
sle(ip is curious in every way. Minute observation 
here offers many seeming iiicongi’uities wliich cannot 
Ihj explained without knowing better than we do 
its physical causes, and tlieii’ relations to the 
sensorial functions. What seems most needful for 
attiiining it, is the discujgagement of the juind from 
any sti’oug (‘motion, or urgent tmiii of thought. 
(Ji’fjat anxiety to bring on sleep im])lies these very 
conditions, and is theix'foro more or less ju’eventive 
of it. The vaiious ai-tifices of thought and mcmoiy 
often fail from this cause. When they succeed, it 
depends either on the exhaustion becoming more 
comi)lete, or on the mind being rapidly carried from 
one object to another ; a desultoiy state of tliis kind, 
without emotion, being a})parent]y the condition most 
favourable to the effect ie(iuii*ed,” It does not appear 
how eanying the mind rapidly from one thought 
or object to another can act in any other way than 
by producing that more complete exhaustion of the 
brain of whicb Sir Hemy 8j)eaks. It cannot pro- 
duce the uniformity of impi*eBsion which acts on 
the drowsy iis if it were an absence of impression, 
and it is very doubtful if the ** desultory state ” into 
which the mind is thrown just as sleep is coming 
on is not the efl^ect rather than the cause of 
di’owsiness. 

What are we to say of the direct causation of 
sle(q>l Although the rej)airof the exhausted energy 
^f the body, as a whole, is no doubt the genei’al 
pJjysical cause of sleep, yet there is one specific 
cause to which we are guided by its prominent 
symptom. During sleep there is a suspension of 
sonBcious mental action. But then, as the brain 


and great “ nerve-centres may be termed tno 
organs of mental action, during sleep the biuin 
must be in a difiereut condition from that in which 
it exists at other times. If we seek for the direct 
cause of sleep in the bi-ain, another cii^cumstance 
will guide us. We have seen that sleep is not 
characterised by any fixed unity of state, but that 
it is a condition of constant and swift fluctuation 
and change, not only, as Sir Henry Holland re- 
marks, in general intensity, but in regard also to 
the difiereut degrees of suspension in wliich par- 
ticular bodily activities are thrown. From this, 
one might naturally infer that whatever influence 
operated on the brain to produce sleep, it must be 
one which is not constant, but vaiying, in its 
pressure. Having come to this conclusion, it is 
easy to predict that the cause we are seeking for is 
to be found in the circulation of blood through the 
brain. It might be exj»ecied to supply that rapidly- 
altering and fluctuating influence which would ac- 
count for the changing phenomena of sleep. And 
it must be noted that such a hypothesis, whilst 
consistent with the com])lex phenomena of sleep, 
would not be inconsistent with the wider generalisa- 
tion that the primaiy object of sleep is rejiair, 
and that its geneml cause is the necessity the organs 
of the body labour under of recimiting their ex- 
liausted energies. For the brain must bo subject 
to the same fate wliich oiuicts waste as tlie penalty 
for work done. The putting forth of mental force 
must be accompanied by the breaking up or wearing 
away of brain-substance, as may be proved by ex- 
amining the waste products excreted by a man after 
many horn’s’ hard study. Such a j)erson throws off 
by the usual channels more “ phosphates,” which 
ai’e the characteristic constituent materials of the 
brain, than he would do if he were idly amusing 
himself. Of course, it would be foolish to dogmatise 
as to the exact manner in which the infinitely 
minute brain-matter breaks up under the putting 
fortli or e* volution ” of force. We may say, how- 
ever, with Dr. Cappie — who, in his interesting little 
work on “ The Causation of Sleep,” has dealt very 
clearly with this part of the subject — that, after 
evolution of mental activity, “ the cellulai’ elements 
[of the brain] become so dis|)osed that the active 
evolution of force is less easy; that they have a less 
])Oweiful attraction for the oxygen of the ai’terial 
blood ; ” and that these ‘‘ infinitely subtle vibra- 
tions” of the molecules in the brain, which phy- 
siologists believe are the physical concomitants of 
thinking, begin to remit. 

Now, it is always noticed that there u a oioae 
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relation between the circulation of blood and the 
molecular nutrition of the tissues. The supply of 
blood is regulated strictly according to the demand 
for it existing in the minutest elements of the frame. 
The heart, it is true, flushes the capillaries of the 
delicate network which forms the termination of the 
system of blood-vessels, but only in obedience to 
the subtle forces of attraction exerted by the mole- 
cules of the structure it supplies — ^forces wliich 
in strength vary in direct proportion to the 
evolution of energy in that structure. The more 
work that is done, the more demand is there for 
assimilating nutritive and getting rid of waste 
matters. Hence the need is all tlie gi’eator 
for a plentiful curi*ent of blood to bring the one 
and carry off the other. A])plying these prin- 
ciples to the brain, we might without much fear 
venture to suggest that, either as coincidence or m 
cause, a diminished circulation in the organ would 
l)e found associated vdth the state of sleep. Exi>eii- 
rnental research confirms this view. 

It would be tedious to explain minutely each 
step of the investigations that have been made into 
the condition of the brain-circulation during sleep. 
Surgeons have sometimes the rare fortune of actu- 
ally seeing the organ in this condition with the 
naked eye. The skull is occasionally injured in 
such a way that it becomes ne^ssary to remove 
portions of it, and for some time after such an oix*!^!- 
tion a |X)rtion of the brnn-substance may be seen 
exposed. Let us say generally on this head that if 
we could render any i)ortion of the skull transparent 
we should find sleep visibly affect the brain in this 
wise : Wlien drowsiness begins to come on, the 
brain, which is reddish-pink in colour, becomes 
slowly paler and paler. It also gradually diminishes 
in volume ; both efiects being due to the increasing 
bloodlessness of the organ. When sleep finally sets 
in, the brain attains its maximum of pallor. Tlien, 
suppose the sleej^er be roused, what hapj>ens ? A 
blood- blush swiftly spreads itself over the brain- 
surface. The organ regains its former volume. 
When the process of rousing is carried still further, 
and the waking state reached, the bmin-substance 
becomes more and more tinged with blood ; and os 
thought and speech ai^e indulged in, the brain becomes 
redder than over. Innumerable little vessels, un- 
seen while sleep continued, are everywhere appa- 
rent, standing out in bright relief, and the blood is 
manifestly rushing through them with great rapidity. 
Then, again, let sleep be reproduced, and the state 
of matters now described will be reversed — ^the 
brain becoming pale and shrunken aa before when- 


ever the condition of slumber is reached.' Anotner 
hypothesis has been disproved —to wit, that as the 
veins are not seen to be abnormally distended dmiug 
slumber, it cannot, as was at one time sup})osed. 
be their engorgement that produces sleep by unduly 
pressing on the surface of the brain. We must keep 
in view that during sleep the bmn is not absoaiti‘ly 
bloodlesa The quantity of blood sent through it is 
merely lessened, and the mpidity of its ciuTent is 
diminished. When the volume and rapidity of the 
blood are great, the brain-cells are in the best con- 
dition for evolving mental force. When both the 
volume and i*ate of the circulation ai*e diminished, 
as in sleep, these cells have thier activity 1‘educed 
to the mere level of self-repaii*. But if we are 
to find the cause of sleep only in brain-weanness, 
and the diminished circulation that follows thereon, 
how can we account for the cas('S of persons like the 
late M. Thiers and the First Napoleon, who could 
command sleej) at will ? They could make them- 
selves go to sleep, iiTespective of brain-exhaustion, 
at any moment. Now, anything that diminislu's 
the amotint of blood sent to the brain, and makes it 
flow more slowly — even compression of the blood- 
vessels in the neck that supply the head — will j)ro- 
duce sleep. Molecular inactivity in the organ will 
be thus brought about, as it would be in any othei 
tissue starved of nutrient fluid in the same fasliion. 

But then, how can the will control the circulation 
of the blood ? The heart is an involuntary muscle 
— that is to say, its action is not under the control 
of the will. The little muscular fibre-cells that, like 
hoops, surround the smallest arteries, belong to the 
same category. The nervous system within the 
nervous system — that scattered chain of nerve- 
centres distributed all over the body, known as the 
ganglionic system ” of nerves, controls muscles 
of this ty|)e. It therefore regulates the adibi'e of 
the blood-vessels, by causing their muscular hoops, 
to which it sends branches, to dilate or contnict, 
as need may be. Now, thci'e is a ganglionic ner- 
vous system in the bmin regulating the calibre 
of its blooil-vessels. It is known that in some 
exceptional cases the will can exercise control 
over ganglionic centi'es. They sui)ply the hc*art, 
for example, with nerve-fibres; and yet there is 
a case on recoixl of a gentleman who had power 
to control at will the action of his heart. He 
could stop its pulsations whenever he pleased, and 
might have lived to a good old age had he not 
been rather vain of his accomplishment. He 
arrested the action of his heart once too often — 
his friends finding, to their regrets that neither he 
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nor tihey had the power to set it working again. In 
the same way it may be that men of exceptionally 
vigorous natures may have the ganglionic nerves of 
the brain within the iron grip of the will. They 
may be thus able to turn on or turn off the blood- 
supply to their brains at will by forcing the gan- 
glionic centres to transmit tliat nerve-stimulus 
which causes the aiijerial coats to contract and stay 
the flow of the blood-cuiT(;nt. 

What has now been stated is perhaps the simplest 
if it is not the newest theory of sleep. For^^ign 
observers have recently attempted to furnish the 
world with other explanations of tlie mystery — many 
doubtfully reasonable, some absurd, but all ingenious 
— though not suflSciontly founded on fact to call for 
their explanation in these i)ages. 

From what has been said some practical con- 
clusions may be drawn. Whatever tends to (piickon 
the circulation of blood in the brain will prevent 
sleep. Whatever witlidiaws blood from the bmin 
will tend to produce sleep. When the drowsy 
student tries to keep himself awake by wrapping 
wet towels round his brow, he is striving by chilling 
the surface of the head to drive the blood inwards. 
When the sleepless man procures a night^s rest, 
as the result of violent bodily exertion, it is because 
muscular effort attracts to the muscular system an 
extra supply of blood, and reduces the quantity 
coursing through the brain. After a fidl meal the 
organs of digestion drain the lx)dy of blood to enable 
them to carry on their work. The brain after a 
full meal is thus depleted, and sound sleep not 
only waits upon, but helps digestion. It may be 
asked, How is sleep produced artificially by tlie 
agency of drugs'! That is a question on which 
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physicians alone are properly qualified to S|)eak:. 
One may say that any drug that will stimulate the 
ganglionic nervous system, and cause the blood- 
vessels to contract, would produce sleep. The 
ordinary opiates, however, do not act in this manner. 
The general belief is that they produce a great en- 
gorgement of the veins on the surface of the brain, 
which ill turn produces unwonted compression of 
the organ, and that to tliis compression may be 
traced the advent of narcotic slumbera. Besides 
the facts and phenomena already mentioned in con- 
nection with sleej), there are many othera into the 
consideration of which, if space ^lermittcd, it might 
be interesting to go. Let us briefly allude to 
one of the most important — ^namely, the dura- 
tion of sleep — how in some cases a few hours will 
sufi[ice, and in others a longer jieriod is needed. 
Dr. Iteid, the metaphysician, could work for two 
days without a break if he got one sound sleep after 
a full meal. If the stories about Lord Brougham 
could be believed, he could work on less sleep than 
most people require. Frederick the Great and 
John Hunter required only five hours’ sleep; but 
it must not bo supjiosed that liecauso men with 
exceptionally poweiful nervous organisations can 
dispense with the normal quantity of sleep, it 
would be safe for everybody to follow their 
example. The sleej) of the heart, which wc have 
seen to amount to eight hours out of the twenty- 
four, is a fair indication of the qutintity of sleep 
which on an average ought to be allowed to the 
braiiL As Sir Thomas Browne, the learned knight 
of Norwich, hath it, “ Half our days we pass in the 
shadow of the earth, and the brother of death 
extracteth a third part of their lives.’’ 


HILLS, DALES, AND VALLEYS: HOW THEY WERE SHAPED 

AND WORN. 

By Pkofebsor P. Maiitin Dincan, F.R.S., F.G.S., evo. 


S OME years ago travellers saw much more of the 
scenery of the countries they visited, than we do 
at the present time. Tliey went by road from place 
to place, and journeyed over the hills and down the 
dales, and beheld ever-varying landscapes slowly 
becoming distinct and then perfect in all their 
beauty, before they were gradually lost to view. 
Now we go under most of the beautiful hills in 
dark tunnels, pass along miles and miles in railway 


cuttings, and soon lose sight of a charming scene as 
we rush along in the train. It is only when we 
are out of the line of railways, that we are on the 
same pleasurable equality with our ancestors. Still, 
we can see a greater extent of country more rapidly, 
easily, and more cheaply than those who could only 
pass over some fifty or sixty miles a day in a good 
coach ; and all sorts of hills and dales can now be 
visited during a moderate excursion. 



HILLS, DALES, 

In travelling, we soon observe that the shape and 
size of the hills and the depth and breadth of the 
valleys and dales, differ in almost every county of 
Great Britain, and in every country in the world. 
And a very little experience in journeying about, 
proves that certain kinds of shapes and sizes of 
hills are peculiar to some great districts. Thus, in 
going from the south-eastern counties to North 
Wales, many different-looking hills and dales are 
seen; and, by noticing them carefully, it will be 
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oountiy comes in sight where the acenery is much 
like that of some parts of K.enS and, indeed, some 
portions of Hertfordshire exactly resemble others in 
the south-east of England. Journeying on towards 
the source of the Thames, the hills often look like 
high flats or table-lands, with leep, narrow valleys 
in them ; and then the Cotswolds show a very long 
height, traversed by deep valleys and having an 
abrupt and cliff-like face looking westward. A 
wide valley — that of the Severn — has to be crossed 



Fig. 1 — Chal* Dowks sear Clanfield, Hasts 


found that they alter in shape, outline, ruggedness, 
and size, as sets of counties are passed over. 

In Kent and Sussex the most important hills are 
not very high, have bold, rounded slopes in some di- 
rections, and are very level at the top in others (Fig. 
1). The dales are grassy slopes, with shelving sides, 
when they are called coombs ; or they are sometimes 
worthy of the name of valleys and gorges, when a 
river flows through the midst of the hills in a direc- 
tion across them, as at Guildford, for instance. To 


before the Malvern Hills in Worcestershme and 
Herefordshire are reached, and it is soon noticed that 
they are altogether different from any others which 
have been passed in the trip (Fig. 2). They seem to 
rise suddenly out of the gr(*at jdain on the side of 
the Severn ; they are very precipitous in some places, 
and the top is not level or simply gently rounded. 
High, as hills, but not quite worthy of the name of 
mountains, a wonderful view is seen from their 
highest point. Looking in the direction whence 
— ...... ViJivft pome, we see the level 
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nenoes, like Primrose Hill, Highgate, and Harrow, 
peculiarise the district Going westwarcl, a strip of 
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Cotswolds. It ifl a perfectly English scene The 
trees are numberless, the fields are in all sorts of 
patterns of shape, and every hamlet has its church- 
spire or tower. We look over a wide valley. 
If we turn round and look westward towards 
Wales, a totally different scene presents itself, 
with striking effect to those who have been always 
accustomed to the landscapes of the east of England 
A sea of abrui)t hills presents itself, and the eye 
follows long, wavy lines of heights, increasing in 
abruptness and size, until great fiat-topiaMl, low 
mountains close in the remote distance. There is 
not a plain or a large flat spot to be seen, but ridgc» 
and valley, deep dell and rugged top, extend i-ight 
away to the bordei’s of Wales. But the low hills of 
tlie firat ridges do not resemble those on which we 
stand ; they are much more uneven, and the coiiutiy 
looks very broken ; and the distant hills are evi- 
dently not like those close at hand, and are higher. 
Wo travel across country to Hereford, and make 
our way into Wales, the hillb becoming, at last, 
mountains with precipices on tlu^ir sides; deep 
passi's, valleys, and dells penetrate into them, and 
their summits are bold, often steep and rugged. 
Nearly every variety of hill and dale may be seen in 
wandering out of the us aal track, from the hop-gar- 
dens of Kent to the wilds of Snowdon (Fig. 3 ) ; and 
yet there is an order of coming jmd going of the dif- 
ferent kinds as we travel along. And this remark 
is true for many a route taken to the right or left 
of our particular road. A trip on the Continent 
will enable any one to loam that even great moun- 
tains have different sha])es, and that parts of the 
chains which they foi7n present various outlines ; 
some being rounded, others rugged and crossed by 
deep valleys, and the highest often forming high, 
sharp peaks, or broad masses. It is this wonderful 
diversity of shajxj and height which makes moun- 
tain travelling so exciting; and it is the varied 
nature of the gorges, deep dells, wide and narrow 
valhys, tliat adds to the cliarm of upland scenery. 

Most j)eople, in this age of incpiiiy, like to 
know the reason why the principal objects in the 
scenery they visit should differ ; and some even 
S])eculato concerning the cause of hills, dales, and 
valleys. Formerly, and indeed not many years 
ago, it was believed that all these beauties of 
nature were created as they now api>ear, and the 
gimt naturalist Buffon received a stem reproof 
from a French academic l>ody, for venturing to 
state the contrary. Tliere is much to be said for 
this old-fasliioned notion. Tliere are very old trees 
on many of tlie hills, whicli have lived two or tlu^ee 


hundred years ; the^ are still older castles, perfect 
or in ruins, but still standing erect ; there are 
ancient camps on many a height, which were made 
by the Komans ; and there are still older huge 
stones which were stuck up by more ancient people. 
Down in the valleys, and on their sides, there are 
churches and monasteries of some antiquity. All 
those works of man are on their usual level, and the 
shape of the ground beneath and around them has 
not altered. Wliy should it be said, then, that it 
ever hn-s altered 1 Nature is prodigal in variety ; no 
two things are alike, and therefore we cannot expect 
every hill and valhy to bo of the same kind. But 
these facts and ideas require careful investigation, 
and some very simple observations of nature will 
lead to the belief, tliat the variety of the hills and 
dales, and their different heights and depths, depend 
upon changes of the surface of the ground and in 
the earth down to a certain depth, which arc still 
in jirogress. In going amongst the hilly conntiy 
of any pari of thi‘ world during wet weather, the 
torrents, streams, and little rivers which can be 
followed up to tlieir sources in the iqdand dells, 
are full of swiftly-running water which is not clear 
and jmre, but which is dirty and contains eariby 
matter. If a tumbler be dipped into the stream as 
it rushes by, and it he held up to the light, what is 
commonly called mud is seen in the water, and it 
is in movement. Soon the water in the glass 
becomes still, and then the mud which was kept up 
by its velocity obeys the law of gravitation, by 
which all things move towards the earth, and settles 
down on the bottom. When the clear water is 
poured away, so much mud remains, and so many 
grains by weight are left behind. 

Should we examine this so-called mud, it will 
not be found to be of the same kind of substance 
in the south-east of England, near the Malvern 
Hills, and in the streams about Snowdon. When 
dried and examined by the chemist, and by any 
one who is used to work with the microsco^ie, it 
will be found to be made up of minute particles 
of minerals. It may consist of tiny grains of 
sand made of flint, it may be composed of minute 
bits of chalk, or of these mixed. It may be red, 
and then the microscope finds curious crystals in it, 
or flakes of colour, and the chemist detects an 
oxide of iron something like rust. Again, the mud 
may be dark, and may contain many kinds of par- 
ticles, bits of shiny mica, white pieces of stone, 
portions of slate, and flint sand. 

It is quite evident that a great deal of this fine 
sediment, as it is properly called, passes along a 
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gweam hour after hour, day after day, during wet 
weather; and it is equally true that the stream 
carries the same kind of stuff down in one part of 
the country and diffei*ent kinds in others, A little 
watching will show that dirring a storm of rain in 
the chalk hills, hardly any water runs down them. 
It sinks in, but in some places where the country is 
bare and fi*ee from turf, a quantity of chalky water 
does pour along to the first stream. 

Wherever there is a brook, there is some of the 
chalk being hurried along, and there are fiints 
knocking against each other on the bottom and 
pounding themselves into round jjebbles, the sand 
from them going off with the rest. It is the 
mineral substances of these hills, that make uji 
the sediment in the turbulent stream miles away, 
and inmuing into a great river or the sea. A wet 
day at Malvern explains where the red mud comes 
from. There is no chalk and flint there, but hard 
rock contaiidiig many minei*als, some of which are 
shaped with angles and lines and flat surfaces so 
as to be crystals, othei*s contain iron. The 
dense heavy rock is crumbled somehow, and its 
dust and little pieces are washed dowm the slopes 
as red-coloured rills and little streams, and they 
get at last to the Severn. Up in tlie deep valleys 
of Bnowdon the rain washes off the peculiar stone 
of the district. It is not chalk, and it is not 
Malvom lock, but there is siindstone and slate, 
and stone made up of crystals. There the quantity 
of mixed mud that comes poiuing along is con- 
siderable. 

It may be said that this is a very commonplace 
matter, and so it is ; but our fathers saw the same 
countries in flood-time, our gi*andfathers did so, 
and so did the peojde who lived in England when 
the Noraians came. The old Britons saw the mud 
rushing along in full stream on their wet days, and 
so did the earliest of men. 

We can tnice the sediment to its origin in the 
hills, and therefore every grain, every |>ound, and 
every ton weight of it that has been washed away as 
mud during all these centuries, was once in its projier 
place, forming a part of the hill or valley side. It 
is there no longer, and therefore the hill and valley 
are smaller by so much. 

Suppose that after the sediment has sunk to the 
bottom of the tumbler, the clear-looking water is 
examined. Nothing can be seen in it ; but if it 
be poured off and placed in a shallow dish over a 
gentle heat, the water will bo gradually evaporated, 
and when it haa nearly all disappeared, a sediment 
will appear. This oan be dried, weighed, and 


examined by the chemist, and it really consists 
of mineial matter which the w iter had dissolved 
like so much sugar. A ceAain number of gmins 
weight can be got out of every gallon of sti’eam- 
water, and it is found that, as is the case with the 
muddy sediment, which is visible to the eye in 
water, this kind of dissolved stiifl* is mortj or less 
peculiar to the country from which the water has 
come. 

Now suppose that a tumbler of water is taken 
out of a stream when it is clear, will there bo any 
of the dissolved stuff* in it ? Certainly. In every 
gallon of iKjrfectly clear nver- water there ai*c 
always many giains weight of mineral dissolved, 
and that amount came from up the country, fi’om 
the springs amongst the hills and fix)m the sides of 
the valleys. It is a very impoi*tant matter; for 
although only a few gmins came down the liver in 
every gallon of water, there are so many gallons 
j)ouring towards tlie sea year after year, that in 
the long rim the grains will aiuount to thousands 
of tons weight. Some yeai’s ago it wjis necessary 
to calculate the (piantity of water that flowed in 
the river Thames, through Kingston, daily, and it 
was found that the average quantity in fine and 
wet weather was 1,250,000,000 gallons in 24 houiu 
A gallon of the water was examined and found to 
contain 19 grains weight of mineral, princii)ally 
carbonate of lime, and this was dissolved natm*alJy 
in the water, and was of courae not to bo seen. 
It is a little sum to do, and if we calculate 
how many grains weight of dissolved matter 
1,250,000,000 gallons will contain, a very sur- 
prising amount residts. In fact on a fine day, 
when hardly any mud is being carried down the 
Thames past Kingston, no less than 3,364,286 lbs. 
weight of invisible matter is huiTying along to the 
ocean. Tliis amounts to about 1,502 tons a day, 
and a ton of carbonate of lime makes uj) about a 
cubic yard of solid rock ; a cubic yaid being 
a body shaj)ed like oiii* of the backgammon dico 
and measuring - a yaid long, high, and across. 
During each yeai* 548,230 tons sti*eaui along. 
Where does it all come from ? for the quantity in 
a thousand years will be enormous. It comes out 
of the earth priiieipally, and some from oft* the 
surface ; and it onct* occupicid so much space, and 
was solid rock amongst the hills which border the 
valley of the Thames. The same kind of calcu- 
lation can b(*- made from every stream, the quantity 
of the dissolved matter, and its mineral natui*c, 
differing according to locality. 

It appears then, from what has been now written, 
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that the hills, dales, and valleys have lost substance, 
during all the time that streams have been running 
from them, and mm has been fallmg on to them. 
They have changed their shape. But all are not 
equally deprived, lor m some countries the rock is 
much harder than in others, and it is true that, 
whilst some bills are much lowered and altered in 
their shape, and some valleys aio deepened and 
widened, othem ai*e very slightly affected. Hence 
we may conclude that, accordmg to the kind of rock 
and its enduring power, so are the hills all the 
higher; and it is a most interesting fact that, 
according to the kinds of stone and earth of which 


It was stated a page or two back, that the stones 
on the mountains crumbled somehow, and that the 
dust was washed away by rain and streams. If 
this is true, the loinning water is only the carrier 
off, and inquiry must be made about the crumblers. 
The scientific name for these is agents of denuda- 
tion.” Agent means a power or energy, or a capacity 
for domg woik or mischief ; and denudation means 
imcovenng. It is assumed that the surface of the 
hills and valleys is weanng and crumbling, and that 
layer after layer is being uncovered, by Nature, as 
she does work. Let us see what these workers are. 
They are the heat of the sim, frost, the atmosphere 
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the hill or mountain is built up, so is its shape. 
The wear and tear of the outside of the liigh lands, 
and the dissolving which is going on within them, 
produce, according to the yielding or resisting of 
the different layers and stones, all the varied beauty 
of the hills, and the flat-topped steep place, the 
rounded knoll, the rugged terraced heights, and the 
peaks of the mountains. In the process of destruc- 
tion, nature produces the beautiful (Fig 4). 

There is no doubt that grass, turf, and the pre- 
sence of what is called soil on the sides of the 
valleys, and on the hills, saves them from much 
outside weal. Take away a large surface of glass, 
and water-channels soon appear. But rain-water 
soaks in through the grass ; and this almost, but 
not quite, perfectly pure element dissolves minerals 
as it sinks into the earth, and it comes out sooner 
%r later in spring® loaded with matter in solution. 


or air, and the waters from the sky, rain and mist. 
They can act alone, or in company, and they do 
their work slowly and surely. 

When the sun shines fiercely on a summer’s day, 
it crumbles wet earth and clay, and leaves a dust ; 
and it makes hard rocks, like granite, hot to the 
hand, and they do not get cold again until nightfall 
The mmorals composing these hard rocks enlarge or 
expand when they are warmed by the sun; and, 
as there are different kinds of minerals in many 
such rocks, some of them have not the gift of 
enlarging as much as others. Consequently, there 
is a pulling and dragging going on beneath the 
surface of the stone, and often a piece cracks or 
flakes off. Then, as the stone gets cold, some parts 
of it may contract and get to their original shape 
more quickly than others, and again there is a 
chance of breakage. Tough as the rocks may be^ 
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^hey do yield in the long mn, and dusty flakes 
of mineral are crumbled oflT, and a fresh surface 
is uncovered and exposed in turn to the sun. Frost 
is a terrible crumbier , when the cold is great, stones 
split, the solid layers of earth fall to pieces, and the 
wreckage is great on every mountain-side. It acts 
mainly with the assistance of water. Suppose some 
rocks, like shale or slate, are on the valley-side, 
and the last rain of autumn wets them, and leaves 


the mischief is not found out until the thaw, when 
the water becomes liquid so amongst the 

rocks splitting goes on ; but they remain in their 
place until the thaw, and then they fall tliundering 
to the bottom of the valley, or else quietly flake 
off. Whenever there is frost, there is much wear 
of the rocks. 

On going up some mountains, one’s feet sink 
in amoncrst small nieces of stone and dust, which 



some water between their flaggy surfaces. Cold 
comes on, and the air feels full of frost • the ther- 
mometer falls to 39°, and gradually drops to 32 , 
and at that point of cold, water becomes solnl — or, 
in common language, it freezes. But if the water 
only got solid no harm would come to the rocks, 
as they would have their cracks only filled with solid 
instead of liquid stuff. Unfortunately for the rocks, 
the water expands and occupies more space than 
before as it is cooled down from 39° to 32° ; and, 
as it becomes solid, it occupies much more space 
than it did when it was liquid water. Just as 
pipes split when the water freezes, from the enor- 
mous power of expansion of its solidifying, and 
16 


ha\e been wrecked from off the neighljouring hard 
rocks by the sun and frost. 

The air, or atmosphere, does its work of mischief 
in a mechanical and also in a chemical way. Winds, 
huincanes, and gales, as eveiybody knows, not only 
remove the dust and the crumbled stuff off the land, 
but blow down rocks Tliey add to the force of 
ram by giving it a greater pelting power, and in 
the hotter logions of the globe, the funous winds 
and rams are as dostnictive as torrents of water. 
But wind of the gentlest kind does a ^ast deal 
of miscliief to some mountains and hills, and en- 
larges their \ alleys in a remarkable manner, and 
altere tlieir shape. Where the min never falls, 
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anti the desert sands can be followed up to ihe wall- 
like hills of Eastern Ambia; there the softest ^mles 
sajid-Hcrub the wcks, and do the work of water. 
Should the traveller lie down on the sand, with his 
face uncovered, in the early morning wlien the day- 
breeze commences, he finds his skin tingling and 
his eyes in pain, for 
the air is full of 
minute particles of 
santl The valleys 
run light into the 
bosom of these sandy 
mountains, and take 
very sudden twists ; 
then* shajie is that 
of a narrow bottom, 
whore never a 
stream ran, and with 
wall-like sides reced- 
ing and terraced at 
the top. With the 
wind, the stind comes 
down the valley, 
wears the sides, and 
the terraces give 
way. Ever scrub- 
bing, the siind weare 
itself smaller, and 
the rocks which fall 
also ; and year by 
year the Wady, as 
the valley is called, 
gets broader. Tliere 
are many .s|)or'imcna 
of sand - scrubbed 
statues ill the llritish 
Museum, for in 
fhe desert 
sand does some 
mischief when it is 
moved by wind ; and 
on our own sea-coast 
the sides of many a rock, far out of the reach of the 
water, is funx>wed and worn by this curious method. 

The wind, as it usually blows, acts as an uncoverer 
or denuder, in that it moves away the dust, the 
result of sand-scrub and of many other agents. 
Another, and perhaps the most imjiortant, method 
of acting in wearing hills and rocks, on the part of 
the atmospliere, is of a -chemical nature. Tlie air 
consists of oxygen gas and nitrogen gas, and they 
are mixed, and are not in a state of chemical 
combination ; moreover, a small quantity of car- 


bonic-acid gjis exists in the air, being made up 
of a chemical combination of carbon and oxygen. 
Two of those components of the atmosphere attack 
many stones, surfaces, and soils, and by changing 
their chemical condition make dissolvable matter 
out of the insoluble, or T)roduce a change of softness 

from hardness, so 
that crjimbling very 
readily takes place. 
The oxygen interferes 
with the minerals 
whicli have suck 
metals as iron in 
them, and the car- 
bonic acid, assisted 
by the water of mist 
and rain, dissolves 
away the limestone 
rocks, or removes 
the lime j)ai*t of the 
surface of a stone 
which contains it 
and sand. The oldest 
stone buildings, and 
niifortiinately , where 
the stone has betai 
ill-chosen, many mo- 
dern edifices, show 
tlie results of this 
action. On sonie hills 
and valleys which 
consist of sandy rock, 
the atmospliere may 
not produce much 
cliemical alteration ; 
but many of the 
fantastic shapes of 
limestone rocks, and 
even of the tops of 
some high moun- 
tains, arc due to tliift 
atmo8j)heric chemis- 
try. It is assisted greatly by the heat of the sun,, 
and by moisture. 

Tlie mists, dew, and rain act principally a» 
crumblers, witli tlie assistance of the moving |)ower 
of the wind, and the altering power of the air. On 
going uj) a hill-side, wherever there is a bare face of 
rock, at its foot there is always some rubbish which 
has fallen down, and is ready to be swept away by 
running water or wind. The face of the cliff or 
rock is rugged and looks weather-worn, and it i» 
said to be “weathered.” The carbonic-acid 
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especially, is dissolved by water, and it thus acts gneiss, and they are amongst the ^rdest and most 
upon a great number of hilhsides, the gas combin- enduring in some climates. Now, all the clay and 
ing with insoluble mattors to make them soluble the red laterite on the top were once hard granite 
and ready to be washed away. or gneiss. Rain, pelting as it can only do in the 

Two instances will suffice to show the mighty, troj^ics, warm from the heat of the sun and the 
gradual effect of these agents acting together, atmosphere, and charged with the carbonic-acid gas, 
Many hills and valley-sides in hot countries, such acts year after year, and century after centiiiy;and 
as in Eastern Hindostan and the Brazils, are solid stone, such as we use for kerb-stones and 
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covered with a thick layer of bright-red earth, public monuments, is altei’ed chemically, and in its 

which is so brick-like in colour that it is called hardness. It is ruined, crumbled, and ready to be 

Laterite, from the Latin for brick. Sti'eams and earned off. 

rain, or water in movement, wash off vast quanti- Another instance of slow wear and tear, and 
ties of this sandy, clayey stuff, and the valleys are which affords proof of the constant taking off or 

enlarged and the hills lowered. Underneath this uncovering of the earth on valley-sides, hill-tops, 

red soil th*3re is a stiffish, whiter-coloured sandy and even on some plains, is interestingly shown in 

day ; and then, still deeper, lumps of solid rock are the wonderful country of the western region of 

found in and amongst it. Deeper still is the solid the United States. Amongst the Wasatch moun- 

hard rock forming the foundation of the hill, but tains, where the South River flows into the Rio 

its surface is full of holes and is honeycombed, it Grande del Norte, a most extraordinary landscape 

being made soft at the top and hard a little way exists. For miles by the side of the first-mentioned 

down. This rock is either granite, or a rock called river there is a precipitous high range of rocks; and 
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sloping from them, a forest region leads to the 
stream. Dark spruce-lir trees, very high and lai-gc, 
abound; but they are dwarfed by tall pillars of rock, 
which like pinnacles soar far above them, each 
being capped by a large j)iece of stone. There is 
no exaggeration in saying that there are hundi’eds 
of these ‘‘monument-stones," and some are 400 
feet in length; the majority being between forty 
and fifty feet. On going to the high range of 
rocks, nai'ruw and deep valleys are seen to enter it ; 
and they are crowded with an array of these slender 
erections, which appear ivi if some intelligent being 
had formed them and covered each with its cap of 
stone. But they are not erections; on th(‘ contrary, 
they are the memorial monuments of the once 
rounded hills, out of which tlie^y have been cut, by 
the crumbling and denudation of the surrounding 
stone and rock. All else has disu])peared. Four 
hundred feet in height and Hom(^ square miles in 
extent of solid rock, has gone, with the (exception of 
these pinnacles. The stone of the country is a kind 
of “ plumqmdding " stone, one in which rounded 
pebbles ar(' joim^d together in a hard mtiss by clay 
and sandstone; and it is evident that where some of 
these monuments are just commencing to be made, 
this stone is harder than elsewhere. The stone is 
hardt‘st at th(» surface, and the watcT of rain and 
mist, by its falling and chemical powers, after 
getting into the small cracks, eats its way down a 
few feet and comes to a softer kind of rock. This is 
worn by the moving water piincipally, and soon a 
little monument is produced, for the solid stone 
remains as a cap, and keeps the rain off the stone 
underneath to a certain extent. But the drip soon 
wears the soft stone l)elow away in long gi'ooves; 
and in the course of years much of the surrounding 
earth is carried off, and the pinnacle appeal's to get 
higher and higher. Sometimes a dozen of these 
wonderful remains are in a cluster, and small ones 


are on the bases of the larger. And in one spot 
called Rhoda’s Arch the beauty of the scene is 
increased by a natural bridge, a thin rock having 
been worn through, in the form of an archway, at 
the same time that the monuments were in progi'ess. 
The country was once on a level with the to}) rocks 
above the arch, and it has all gone, except the 
monuments and fallen stones. The monument decays 
at last. Tt gets thinner and thiimer, or its cap is 
blown off, or worn of!*, and then it soon becomes a 
stum})y heap of wearing-away stone (Fig. /)). 

The softer th(‘ stone forming the hill, the sooner 
will a valley, whi(jh is a natural gutter, bo formed, 
and the wider will it become; and this [>rocess of 
decay de}>ends greatly, so far as its ra])idity and 
intensity are concerned, upon the* rain-fall and the 
heat of the summer and cold of the winter — in fact, 
upon climate. Water, in moving down into the 
(‘ai-th, carries with it some of the carbonic-iicid gas, 
juid this dissolves the rocks, and the result comes 
out in the s})rings, and is recognised by tlu? chemist 
in the water of the riv(T, which contains chcmiicals 
in solution. And water moving along the ground 
not only carries off the results of the action of the 
}ig(*nts of denudation, but also wears the hills and 
valleys by its rushing along crowded with moving 
stone. Water weighs lieavily on tlie bottom and 
sides of the streams and rivers, when tht‘y are 
deep; and when ston(‘ is moving on a torrent-bed, it 
produces friction. In tho long nin, the solid rock 
gives way, and is eroded, and its wreckage is carried 
with the dissolved chemical matter to the ocean. 

The 8ha})os and the outlines of the hills and dales 
depend then u})on their age, peculiar stone, and the 
intensity and constancy of the action of the sun, 
frost, the air, and the waters. 

The hills, valleys, and dales are still being altered, 
and there was a time when the valleys were not 
in existence and the hills were higher. 


THE SOUNDS WE HEAR. 

By T. C. IlEPWoRTir. 


T he faculty which we possess of hearing and 
ai)preciating different sounds, is one of our 
most valued senses. From our earliest cliildhood 
we educate ourselves far more by means of this 
sense than by any other. It is a well-known fact, 
and one which should teach us how much we owe 
to our ears, that the deaf and dumb are silent not 


from any malformation of the organs of speech, but 
because they lack the sense of hearing. Not only 
is sound our principal means of intercommunication, 
but in many other ways it ministers to our wants 
and to our pleasures. Whether we instance the 
lowing of cattle, the hum of insects, the song of 
birds, and the innumerable other pleasant sounds 
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which add to the onjoyment of rural scenes; or the step with those in front, although each man of the 
methodical arrangement of tones which we call company will place his foo| to the ground in time 

music,” and which forms a language which all with the music cm It reaches his ears. It is probable 

can understand ; we must confess that through our that the only men who coiTectly keep time are the 

eai*s we receive much benefit as well as pleasure, musicians themsehes, for they alone can hear the 

It behoves us tlierefore to Icam sometliing of the sounds at the exact moment of production, 
nature of sound, and of the natural laws upon In 1822 a French commission was appointtsl to 
which it is de^jendent. make certain expciiments with a view to obtain 

We can none of us fail to be awaio that sound definite information as to the \elocity of sound in 

takes a cei-tain time to travel from the source of its air. Two hills, near Paris, wen* chosen as the 
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production to our ears. Tlie distant gun will show theatre of o|>erations, a cannon being placed ai 
its flash and puff of smoke long before its dull each station (Fig. 1). By noting the time which 
boom is made evident to our sense of hearing. The elapsed between the flash of the gun and tho 
workman's hammer will seem to fall silently upon arriyal of the report, and knowing the distance 
his work, for the sound does not reach us perhaps which the sound had to ti'fiverse, these exjieii- 
until it is uplifted for the next stioke. Tho mentera were able to fix its velocity at 1,1 18 feet 
thunderclap, although it is really concurrent with per second, for the temperature which happened to 
the dazzling flash that seems to precede it, often prevail at the time. The mean velocity of sound 
by many seconds, is a still more common ill us- in air is generally stated as being 1,125 fcH per 
tration of the same phenomenon. But jierhaps second. 

the most striking instance of this property of sound Sound has been defined as ‘Vibration appre- 
may be observed when a long file of soldiers is on ciable by tho ear.” Some bodies are more sonorous 
the march, preceded by a band of music. Tlie than others — that is, by reason of their hardness or 
men farthest from the band will be quite out of elasticity they will more readily vibrate. An 
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ordinary glass tumbler will, if placed ui)side down 
on a table, and struck with the finger-nail, emit 
but a feeble sound ; but if it be held above the 
table, so that its sides may be free to vibrate, it 
will give out a clear, l>ell-like tone. Such vibra- 
tions are cominunicat(‘(l to the particles of air in 
the neighbourliood of the sounding body : these 
give it up to other pai-ticles, until in the form of 
sound-waves they strike upon our ears. These 
waves of sound have been com])ared to the lipples 
caused by a pebble thi’own into still water, for 
they spi’ead in the same mtuuier from the centre of 
their production. They may be more pro^ierly 
likened to the beautiful undulatiug waves which 
apj)ear to j«iss over a field of standing coi*n when 
agitated by the wind. We well know that the 
several ears of corn do not really travel onward, 
but they each have a cei’tain limited movement to 
and fro, which helps forward the progi'ess of the 
wave. In t^he same manner the individual paHicles 
of air push onward the sound-waves, although 
their own movement is but of small extent. 

The older philosopheiij were unanimous in siij)- 
posing that air was the only mediiun through 
which sound could travel, and not until the middle 
of the last century was this theory disputed. But 
wo now know that all bodies, whether solid, li<piid, 
or gaseous, are capable of conveying the appre- 
ciation of sound to our cal's. It is also certfiin 
that the j)resenco of some such body is absolutely 
neccsaaiy for the purpose. This last fact is made 
evident by an experiment whicli is an old favourite 
with lecturers upon acoustics. A bell, having a 
clockwork or electric attachment for causing it to 



Fig. 2.— Bell under Air-Pump. 


ring automatically, is placed under the receiver of 
an air-puni]) (Fig. 2). As the air is gradually 
exhausted the sound becomes fainter and fainter, 
until at last it ceases altogether ; although it can 


bo seen that the hammer is striking the bell ag 
vigorously as ever. As the air is re-admitted the 
sound is gradually restored. Mountaineers find 
that it is necessary, when at any gi’eat height 
above the sea-level, to si>eak with great effort, 
otbTwiso their voices are unheard (p. 105). A 
j)i8tol-shot mider the same conditions api)ears to be 
little louder than the crack of a whip ; the natural 
rarefaction of the air at such altitudes, placing the 
oi)emtors in the same i>osition as the bell under a 
partially exhausted air-pump receiver. In order 
to make this ex])eriment successful, it is necessary 
to place the bell upon a cushion of wool or some 
other soft material, otherwise the vibrations would 
be communicated to the framework of the air-pump, 
and so to the external aii‘. Wo learn, therefore, 
fi'om tliis exj)eriment, first, that sound in a vticuiun 
is sound no longer ; and secondly, that solids are 
caj>ablo of transmitting Aound. 

There are vai'ious atmospheric causes which con- 
tribute to obstmet the waves of sound. It is within 
the experience of eveiybody that a distant bell is 
sometimes heard veiy plainly, and at other times is 
quite inaudible, according to the direction of the 
wind. But fog, rain, and snow also interfere with 
sound-waves, and more or less stop their progiess. 
In deal’, cold weather, sounds are much better 
heard than in summer, when the rising heat from 
the earth^s suriace induces currents of aii* which 
intf'rfere with their ti'ansmission. In the Arctic 
regions — durii*g the coldest season of the year — 
it is said to be possible to carry on a conversation 
with a ])erson at more than a mile distant, the air 
tieiiig there of a uniform temperature and density. 
For the same reason, sounds which in the day-time 
would be unnoticed, strike upon the ear at night 
with startling distinctness. But, of course, the 
geneml silence at that time must l>e taken into 
consideration. 

Tlie velocity of sound in water has also been the 
subject of patient investigation. Observei’s were 
placed in two boats, which were moored at a certain 
distance aj)art on the Lake of Geneva. One boat 
was furnished with an apparatus, by which a sub- 
merged bell was struck at the same instant that 
a charge of gunpowder was ignited in the air above 
it. In the other ])oat, an ear-trumj>ot was used to 
detect the anival of the sound through the water, 
the lapse of time between the noise and the flash 
being noted by a chronometer (Fig. 3). By this 
means, it was ascertained that sound travels in 
water at the rate of 4,708 feet per second, being 
about four times more quickly than in air. It must 
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be understood that the velocity of sound in water, 
as in air, is subject to variation by temperature ; 
the higher the temperature, the greater the velocity. 

The travelling powers of sound through solid 
substances may be stated generally to be far more 
rapid than through either aii* or water. The metals, 
on accoTint of their elasticity, naturally stand at the 
head of the list. The first trustworthy experiments 
in this direction were made by the trench philo- 
sopher Biot, by means of the empty iron water- 



conducting power of the earth is said to bo taken 
advantage of by savages, whose practised eai-s phiced 
in contact with the ground can detect the api)roach 
of a horseman long before he is visible. 

The transmission of sound thix)ugh wood can be 
easily demonstrated by placing the ear at the ex- 
tremity of a wooden rod, while an assistant gently 
scratches the other end with a pin. Althongli the 
sound may be far too faint to be detected through 
the intervening air, when heard by means of tlic 
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pipes of Paris. He caused one end of a pipe a mile 
long to be stmek with a hammer. At the other 
end, he found that two distinct sounds became 
audible : the first being conveyed to the ear 
through the metal of which the pijie was comjiosed, 
and the later sound by the air contained within 
the pipe. It was thus proved that cast-iron will 
convey sound at the rate of 16,822 feet per second, 
or about fifteen times more quickly than air. The 
phenomenon of the double sound is also heard during 
blasting operations, provided that the observer is at 
sufficient distance from the place of explosion. The 
first sound is conveyed through the substance of 
the earth, and ihe other through the air. This 


rod it is surpiisingly distinct. An experiment, 
showing the wonderful conducting power of wood, 
was shown some years ago in London, under the 
name of the “Telephonic Concert.” It took place in 
a large building, consisting of three diffei’ent floong. 
In the basement were placed four jicrformers, who 
constituted a small oichestra. Attached to the 
instruments which they ])layed wei*e wooden rods, 
about half an inch in diameter — one rod for each 
instrument. * These rods passed through the ceiling 
of the room in which the i)erformerB were seated, 
ami through the intermediate apartment to the 
top floor of the building, where the audience 
were asseinbled. In this room the four rods were 
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connected with the sound-boards of four harps, and 
the music was most plainly heard by every one pre- 
sent, although it was quite inaudible in the room 
through which the rods passed. This experiment can 
also be carried out by means of two pianos similarly 
connected. We may also i)roduce the same effect 
upon a small scale by means of a musical box. Let 
it be jdaced, wrapped in felt, in any box or cupboard, 
so that its sound may be completely smothered. 
If, through a small hole, a rod of wood be comiected 
with it, and the other end of this rod be placed 
against a box, or violin, the sound will be imme- 
diately rendered audible. 

It will l)e observed tliat the sound in both these 
cases is helped out by the addition of a sounding- 
board, or box. And this fact is of extreme import- 
ance ill showing us how much musical instruments, 
and stringed instruments in particular, dej)end for 
their effectiveness iqioii the association of some such 
i-esounding body. Thus, in the violin, or guitar, 
we liave a hollow liox ; the strings of a harp arc 
fastened to a similar box ; and the wii’cs of a piano 
are stretched over a board which, looking to the 
manner in whicli it is held by the framework, really 
constitutes the bottom of a shallow box. If we 
auH]K*nd from our finger a violin-stniig, and attach 
to it a ]lea^y weight, so as to give it the same 
ten.sion Hint it would have when stnmg on the 
instrument, we shall find that tlie sound it will give 
Ls merely a dull thrill, very unlike the pure, linging 
tone that it possesses when mounted on its proper 
resonant case. The same effects are observed in 
the use of the ordinary tuning-fork, which is too 
familiar to need description. Wlien put into vibra- 
tion by means of a blow, it is unheard unless held 
close to the <'ar. But, it its foot be held against a 
table-to}> or any similar body, its note immediately 
swells out, so that it can be hear<l at a distance of 
several yards. These augmented sounds are clue 
not to the strings or tuning-fork, but to the vibra- 
tions communicated by them, and taken up by the 
resonant board or box against which tJiey are placed. 

Sounds can also be greatly reinforced by the 
near presence of resonant cavities. A convenient 
mode of jiroving this, is liy means of two ordinaiy 
glass tumblers. One of the glasses is phiced uj)on a 
table and is caused to vibrate by a sharp tap from 
the finger-nail. The other tumbler is then brought 
near its edge, as shown in Fig. 4, when the sound 
will at once bo almost doubled in intensity. By 
moving the second tumbler to and fro, the sound is 
caused to swell out in a curious manner every time 
the stationary glass is passed over. In nature, the 


noise of a waterfall is often much increased by the 
near neighbourhood of a cavern or hollow in the 
rocks. And wo have a still more familiar instance 
of the same phenomenon in “ the murmur of the 
sea ” which children suppose that they hear when 
holding a liollow shell to their ears. The many 
unnoticed sounds always present in the air are here 
augmented by the resonant cavity of the shell. 

And now a word about Echoes. According to 
the old mythological story. Echo was a nymph who 
had displeased J upiter by her extreme talkativeness, 
and more especially by her repetition of certain 
little matters not altogether creditable to him. She 
was therefore deprived of speech, but was still 
allowed to answer any question that might be 
addressed to her. She afterwards became the 
victim of unrequited love, **fell into a decline,*' 
and was eventually transformed into a stone which 
retained the same conditional power of speech. 
Such is the fable in wliich the ancients wmp|)ed up 
the ortlinary phenomenon which we still call an 
‘‘ echo,” but which science explains in a far more 
}>rosaic manner. 

As an indiariihber ball bounds back from any 
surface against which it is propelled, so are sound- 
waves intei’cepted by any obstructing siuface and 
cast back to the place of their production. Tliis 
return of the sountl-waves constitutes an echo. A 
certain distance l)etween the source of tlie sound 
and the surface wliich leflects it is necessary for an 
echo to become perceptible. The reason of this 
is that the sound requires time to travel from its 
source and back again; and unless there is sufficient 
distance foi* this to liappen, the echo is merged into 
tlie original sound and is confounded with it — the 
result being merely a reverberation. In cathedrals 
and large buildings wliei'e the jullars and walls 
form many obstructing surfaces, the waves reflected 
from them cause that confused ringing noise ob- 
servable not only when a jierson speaks, but also 
wlien a chair is moved, or a door slammed. The 
smallest distance at wliich an echo of one syllable 
can be heai*d is about 140 feet. For sound travels 
at the rate of 1,125 feet per second. In a fourth 
part of this time it would go over a sjiace of 280 
feet — or 140 feet in one direction and 140 feet 
back again. Less time than this quarter of a second 
would not allow for the articulation of even one 
syllable ; but if the distance of tlic reflecting surface 
were doubled, two syllables could be uttered; if 
trebled, three, and so on. Some places ai’e famous 
for echoes wliich will repeat themselves again and 
again. This is owing to the number of different 
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surfaces which happen to be so placed as to reflect 
the sound-waves to one common point. 

It is very interesting to note that tho reflection 
of sound is subject to the same laws which govern 
the reflection of both light and heat. Indeed, the 
concave reflectors shown in Fig. 5 may be used to 



Pig 4 — £x])enment showing how Sounds can he augmented by 
the near proscuco of resonant Cavities 

demonstrate the jiheiiomena connected with either 
one or the other. Wo will 8api»ose that the iniiTors 
are placed alnint thirty feet apart, exactly facing 
each other. If a bnght light he placed at the point 
mai'kod o, which is tlie focus of the left-liaiid mirror, 
its rays will be reflected to tho other miiror, luid con- 
centrated at the i)Oint a\ If, instead of the light, a 
watch be hung at tr, its ticking will he plaiidy heard 
if tho ear bo ])Lu*ed at a' although it will be quite 
inaudible at any other point. Again, if a brazier 
of live coals be placed at one focus, a combustible 
substance at the con’esponding point of the other 
mirror will be ignited. Wo see here one of 
numerous examples of the manner in whicli the 
forces of nature act in harmony witli one another. 
A sentence whispered to the focus of one reflector 
is heard at the other, but is inaudible to anybotly 
passing between them. In whisjiering galleries, 
such as tliat in St PauFs Cathedral, the sound 
is reflected by the curved wall from point to point, 
until it reaches the listeners ear. 

The speaking-trumpet is an instrument which 
is dependent for its power both upon the reflections 
of the speaker’s voice from its sides, and the con- 
centration of the sound due to its tubular form. 
The ear-trumpet used by deaf persons is but a 
modification of it. A fogdiom, much the same 
in construction, is used on many parts of our coasts 
as a warning to mariners, when the weather is too 
thick for beacons to be visible. This horn is an 
immense trumpet-shaped tube, furnished, at its 
mouth, with a metallic reed. An air-pump, worked 
by steam power, supplies a strong current of wind 

17 


which sets the reed in vibraPon. The piercing 
scream from one of these horns can be hec^ over 
the sea for many miles. 

The action of speaking-tubes, which are now so 
common in offices where the employes are separated 
by different floors, is not diflicult to understand. 
The movement of sound-waves has been already 
compared to the widening rings which are caused 
when a pebble is thrown into still water. In the 



s|)eaking-tube these rings, instead of being left to 
die away into silence, are ineserved with all their 
first intensity until they reach the utmost limit of 
tho tube winch confines them. 

We will now piuss on to the consideration of 
musical sounds. The line of demarcation which 
separates mere noise from music is i*athei* difficult 
to determine. If a door be slammed, the sound 
I'eaches our pal's as an unpleasant jarring of tho 
neiwob which we call “ noise.” If a bird rises near 
us, we hear the flutter of its wings as a series of 
flaps in quick succession, approaching, in some 
degree, a continuous thrilling sound — but still, it 
is only noise. In the wing of the bee, and other 
insects, we have exactly the same vibratoiy motion, 
but with a different result, for wo here obtain a 
distinct note, the musical value of which we can 
appreciate and determine Let us pause for a 
moment and consider in wliat this vibiution con- 
sists. The moving jiendulum of a clock will 
perha^is give us the most homely example of a 
vibrating body. We find that it oscillates on each 
side of a place of natural rest, and that the rate or 
velocity of these oscillations is proportionate to ita 
length. Or, to put it more clearly, we know that 
if the clock is too slow, we can quicken its move- 
ment by slightly raising the weight which la 
attached to the pendulum, and that if it is too flust, 
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the contrary action will immediately retard it. By 
such means we pi'actically shorten or lengthen the 
pendulum, as the case may be. But, whatever be 
its length, it oscillates without any ajjparent sound. 
Of coui’se, we cannot here consider the tick,” 
which is caused by the mechanism of the clock. 
Let us see whether we cannot find means to obtain 
a sound from this pendulum, or from a piece of 
metal nearly approaching it in size and substance. 
Tlie elastic blade of a fencing-foU will answer the 
purpose as well as anything else that we can hit 
upon. We will suppose that tliis blade or rod of 
steel is about four feet long ; that its lower end is 
fixed firmly in a vice, and that the other end is 
fi*ee. On pullijig the free end aside, and suddenly 
letting it go, the rod is thrown into vibration, and 
a low fluttering sound is emitted from it, which 
gmdually fades away until the rod is again at rest. 
We will shorten the rod by j^lacing more of its lower 
end into the vice ; when we now cause it to vibrate, 
a musical note is the result — ^but the ])itch of the 
note obtained is very low. By shortening the bar 
still further, we obtain a higher note; and by 
adjusting it to different lengths in this manner, we 
shall find that we can obtain from it every note of 
the scale. 

Now, we have already seen that by reducing the 
length of a pendulum the rapidity of its oscillations 
is increased. Exactly the same law holds good in 
the case of the fixed rod, so that we may guess that 
the pitch of a musical note is in some way de- 
pendent upon the velocity of the vibratory body to 
which it owes its oiigin. We just now noticed that 
a bird’s wing will not emit anything but a succession 
of beats, while the same motion in the wing of a bee 
will produce a musical hum. Now, the wing of the 
bird is in fact a counterpari of the vibrating rod as 
we firat placed it in tlie vice. It merely flutters. 
But shortened, as in the case of the insect, it is 
capable, by its quicker vibration, of yielding a 
musical impi’cssion. A musical sound, therefore, 
requires not only that the vibrations which produce 
it must be strictly periodic in their occurrence, but 
that they must follow one another in quick succes- 
sion. Experiment has shown that the least number 
of vibrations |X}r second which will give an 
ai)preciable musical sound is sixteen; so that we 
may approximately say that any less number will 
produce only noise, the pulsations being too dis- 
connected to give anything more than simple 
percussions. From this lowest sound of sixteen 
vibrations we can gradually rise by innumerable 
steps to extremely acute notes which give upwards 


of 30,000 vibrations per second ; but the highest 
musical soiind of any practical value will give in 
every second of time about 4,000 vibrations. 

It would seem almost beyond the bounds of 
possibility for any substance to execute a movement 
to and fro four thousand times in the very small 
period represented by one second. Yet it is not 
difficult to show that this is an absolute fact, and 
that it is capable of proof. A series of knocks or 
taps, provided that they follow one another with 
sufficient rapidity, will produce a musical note. A 
card held against a revolving toothed wheel is one 
mode of demonstrating this. It is evident that 
if such a wheel bo furnished with a counter to 
record its revolutions (in the same manner in 
which the turnstiles at j^ublic exhibitions are made 
to check the number of persons i)assing through 
them), the sum of such revolutions per second, 
multiplied by the number of teeth upon the wheel, 
will give the numl)er of taps or vibrations requisite 
to produce a note of any definite pitch. If one 
blade of a vibrating tuning-fork be made to touch a 
sheet of pajKjr, the consecutive blows thus given to 
the i>apor will resolve themselves into a musical 
note, which of courae will be the same note as that 
given by the fork itself. 

Travellers by railway have very often before them 
an example of the dejKjndence of the pitch of a note 
upon the rapidity with which the vibrations are 
transmitted to the ear. When a passing engine is 
sounding its whistle, the pitch of the note sounded 
apj)ears to rise considerably at the moment of 
approach, and sinks below its former pitch directly 
it has passed. The succession of sound-waves is 
here ariificially quickened, and then retarded, by 
the rate at which the engine itself is moving to, and 
afterwards from, the observer. In the same way 
a vigorous swimmer will, on receding from the shore, 
meet in a given time the buffet of many more waves 
of water than he who stands motionless among the 
breakera. 

In many cases the vibrations can be made evident 
to sight. Thus, the pulsations of a stretched mem- 
brane, such as a drum-head, will cause sand placed 
upon it to jump about. A tambourine treated in 
the same way will show, by the motion of such 
particles, the tremor of the air near any sounding 
body in the neighbourhood of which it may be held. 
And, in a paper read before the Physical Society, 
it was clearly stated that sound-waves could be 
made visible on a delicate film of soap and 
glycerine, subjected by means of a cardboard 
support to the influence of a vibrating fork. 
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Many means have from time to time been suggested with the one just described is shown at Fig. 7. It 
of making sound- vibrations self-i’ecording, and Fig. 6 is called the Phonautograph, aiid it is caimble of 
represents one an'angement for obtaining such re- tracing vibratory cuiwes of any kind of sound, from 
cords. The revolving cylinder shown on the right- a clap of thunder to the squeak of a penny whistle. 

It consists of a baiTel-shaped hollow box, made of 
plaster of Paris or some similar non elastic substance 
diMcult of vibration. One end of this cask is oi)en 
to the air, for the reception of soimd-waves. The 
other end is closed by a brass ring over which is 
stretched a thin membrane of bladder or india- 
rubber. Upon this membi'ane is fixed by sealing- 
wax a very light pen or style, the point of which 
just touches a revolving cylinder, having, like the 
other instrument (Fig 6), a layer of easily-removed 
lamp-black upon its surface. The axis of the cylinder 
is a screw with a coarse thread, so that with every 
turn the cylinder is moved slightly onward, in order 
that the style may not go over the same place twice. 
8o long as the style is stationary, the lamj^black re- 
moved froin the cylinder will show an unbroken 

Fig 0 -The ampluc Method of Eeg«tertog Vibration, line. Blit when a sovnd caiisTs the membrane 

and style to vibrate, an undulating line is produced 
hand side of the drawing is covered with a sheet of which values in character with the natui*e of the 

pajHjr previously blackened by being held in the sound. Thus a musical note will give a jierfectly 

smoke of a lamp. A vibratory metal rod (excited even series of undulations, vhile a mere noise will 

by a violin-bow) is furnished with a small iioint, trace a curve of very irregular figure. It will lie 

This point is so adjusted that it will trace a fine interesting to our readers to know that the phonau- 

wavy line on the cylinder by removing fiom it tograph suggested the form of Professor Bell’s 

the inadhesive lam})-black. Now, it is evident that articulating telephone, about which we have all 

lately heard so much. A full consideration 
of the telephone and its doings will form the 
subject of another paper ; the j)henomcna with 
which it is connected partaking fai* more of 
electricity than sound. 

It now remains to say a few words as to 
the manner in which sounds are made evident 
to our sense of hearing Tlie external ear 
has little or nothing to do with the auditory 
apparatus, and in biixls (who may be conjec- 
tured to heai as well as mammals) it is alto- 
gether wanting. Without entering into the 
anatomy and physiology of the organ, wo 
may say that the outer passage of the ear is 
closed by a membrane which measures about 
one-tliird of an inch in diameter. This mem- 
brane, set in vibration by the sound-waves of 
Pig 7 -The Phonautograph. the air, communicates its motion to a series 

of small bones, which in their turn act upon 
if this cylinder make one revolution in the space of the fluid contents of the internal ear. Within this 
a second, the number of waves traced upon it will fluid are spread out tho sensitive fibres of the 
represent the total vibrations per second peculiar to auditory nerve, which conveys to the brain the im- 
a rod of a certain pitch. pression of sound. 

Another instrument which has much in common Our appreciation of music seems to be in great 
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measure dependent upon the sympathy with which 
a vibrating body will act upon another body of 
equal vibrations. If a sounding tuning fork be 
held near another of the same note, and its sound 
be suddenly quenched, the second fork will sound 
vigorously, although it has not been touched, except 
by the trembling air. Two fiddle-stiings tuned to 
the same note will in like manner act upon one 
another. Now, in the internal ear we have a 
wonderfully delicate organ which follows the same 
law. It consists of a number of fibres — indeed, we 
might describe it as a harp having thousands of 
strings. It is supposed that each of these 
strings is sensitive to a certain musical j)itch ; so 
that when we are listening to orcliesti-al music, 


each chord that we bear as a compound whole 
is unravelled, as it were, by our earn into its 
constituent tones, each tone there seeking out 
its counteri)art, and urging it into qrmpathetic 
vibration. 

It must be underatood that we have in this paper 
taken a necessarily biief and very general view of 
the subject of sound. The diflTerent headings which 
it embraces are so extensive in their bearing, and 
so intricate in their investigation, that they might 
each form matter for many pages. By taking this 
general view of acoustical science, we have at 
least paved the way for the future more detailed 
consideration of various phenomena connected with 
the sounds we hear. 


PETRIFACTIONS AND THEIR TEACHINGS. 

By H. Allfa'ne Nicholson, M.D., F.L.S., etc., 

Regiut rro/e«<tor of Natural Hiotory in the University of Aherdren. 


M ost people have some general idi'as as to what 
scientific men mean when they speak of 
fossils” or ^^petrifactions,” but the notions at- 
tached to these terms are net always very clear and 
precise, and considerable uncertainty prevails as to 
the mode in which these bodies are found, the 
methods which are erajiloyed in studying them, and 
the principal deductions which may faiily be drawn 
from their nature in different cases. In the follow- 
ing article, therefore, we propose to briefly consider 
the points al)Ove alluded to, and to deal shortly 
with the questions as to where fossils are found, 
what they are, how they are studied by scientific 
observers, and what are the more important lessons 
which they teach us. 

As to the first question — namely. Whore do we 
find fossils I — it is sufficient to say that all the objects 
which we call by this name are found buried in the 
earth. Tho name “ fossil ” itself is in allusion to 
this fact (from the Latin foams, dug up). All 
fossils, then, are found in the earth, some simply 
buried in the comparatively soft sands, clays, and 
gravels which cover such large portions of tho dry 
land, while others occur locked up in the stony 
embrace of the hard and compact rocks, which form 
the solid framework of the earth’s crust, and from 
which they can only be exhumed by the use of the 
hammer and the chisel. 

In the next place, What are the objects to which 
we apjdy the term of “ fossils ”? In all cases, when 
we come to examine into the matter, we find that 


fossils are the remains of animals or plants which 
formerly lived upon the globe, and which have been 
buried in the earth by natural causes ; or tliey <x)n- 
sist of objects from which we can certainly infer 
the former existence of such animals or plants. 
Most commonly we have in fossils actual portions 
of one of these bui ied ai\imals and plants — a shell, 
or a bone, a stem, a leaf, or tho like — and for 
this reason the name of j)etrifaction ” is not a 
good substitute for that of fossil,” since the former 
implies that the object so called has been really 
“turned into stone.” This is not by any means 
necessarily the case. On the couti*ary, fossils are 
often little, if at all, changed from the original con- 
stitution which they possessed as parts of some once 
living animal or plant ; and even when they look 
quite stony, this is generally only due to the fact 
that all the interstices and cavities of the original 
body have been filled with earthy or mineral matter 
derived from the surrounding rock. When we find 
in the earth an actual bone or shell, or a piece of 
wood, or a leaf, we can, of course, at once assert 
positively that there once existed actual animals or 
plants to wliich these belonged ; though it may not 
be out of place just to notice that people did not 
always reason in this way. At one time it was 
thought that the objects which we call “fossils,” 
however closely they resembled parts of actually 
living animals and plants, had really nothing to do 
with the former existence of living beings, hut that 
they had been formed in the rook, by what one 
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might call a kind of fermentation, in virtue of which 
the partidea of the rock arranged themselves so as 
to give rise to bodies resembling shells, bones, and 
other organic forms. It is hardly necessary to say 
that no one nowadays would credit the inert par- 
ticles of any rock-mass with any such inexplicable 


find in the inside of the shell a sort of stony kernel, 
which would faithfully represent the shape and 
markings of the cavity in the interior. If we broke 
open the rock, we i^ould either find the actual 
shell, with this kernel or cast in its inside ; or 
the shell might actually have been dissolved 



Fijf 1 A Slob of Stono. witli JRipplp-Karkiug, and showing Iho Foot-Prints of an 
ancient Newt-liko Animul, from the Cool-Moosures of North America. (One-i.ighth of 
the natural Size.) 


formative power. We have, however, to remember 
tliat fo.S8ils are not necessarily actual parts of ani- 
mals or j>lants wliich were once in existence upon 
the earth, though this is very commonly their 
nature. Any object or any mai’king in the rocks, 
from which we are enabled to judge of the former 
existence of an animal or a plant, is properly called 
a fossil, llius, an animal walking across the wet sand 
of the sea-shore, or over the soft mud of an estuary, 
leaves a series of foot-printSy from which we can 
not only infer the former existence of the animal 
itself, but from which we can often actually judge 
as to the character and structure of the animal 
wliich made the prints, though we may never have 
seen its bones. Such foot-prints, then (Fig. 1), 
though they have never themselves formed parts of 
the body of any animal, are still rightly called 
“ fossils.” Similarly, a plant buried in the soft mud 
or sand at the bottom of the sea or of a lake, may 
itself decay and disappear, but may, at the same 
time, leave an indelible impression of its stem or 
its leaves upon the soft material in which it is im- 
bedded. Should this sand or mud become hardened 
into rock, this impression may be so perfectly pre- 
served that we can tell accurately the kind of plant 
by which it was produced ; and this, too, we should 
with propriety call a “ fossil.” Again, if we imagine 
such an object as the shell of a periwinkle or a 
cockle to be buried in the mud of the sea-bottom, it is 
clear that the soft surrounding material would fill 
the whole or the greater part of the interior of the 
shell ; and if we further imagine the mud to be 
slowly hardened into rock, it is clear that we should 


away, and might have disapjMjaied, leaving for our 
inspection tlie cast alone (Fig. 2). In such a 
case, we should still call the “ cast ” a fossil,” and 
though it had never itself formed part of any 
animal, we might still be able to tell with oei*tainty 
the kind of shell within which it had been formed. 

Wo have, in the next place, to consider the 
methods in which fossils are studied by scientific 
observers ; and in this connection the first point to 



Fiff. 2 —(a) Shell of a Fossil Bivalye Shell (OermUia), riewed from 
one Bide (b) ‘‘Cast*’ of the Intenor of the some, the actual 
Skell haying disappeajred. 

notice is that the modes of study available in deal- 
ing with living animals are only partially applicable 
to the science of fossils, or PalcBontologyy as it is 
technically called (from the Greek palatosy ancient ; 
ontay beings ; logoB, discourse). In studying living 
beings, the naturalist has the immense advantage 
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of being able to examine all the parts of the animal, 
whether these be soft or hard. Not only can he 
investigate the foim and structure of any skeleton 
which the animal may possess, but the muscles, 
neiwes, internal oi*gans, and soft tissues genei*ally 
are open to his in 8 i>ection. Hence naturalists 
usually decide upon the characters and position of 
any given animal accoi’ding to the peculiarities pre- 
sented by its soft paints, and they attach compara- 
tively little importance to the nature of any hard 
structures, such as shells or bones, which may be 
prescuit. The student of fossils, however, is in a 
totally different position. When animals or plants 
are buried in the earth, all their soft parts decay 
and diHaj)])ear. Almost the oidy exceptions to this 
— and they are exceptions which prove the nile — 
are cases in which animals have been preserved in 
the fi*ozen ground of the far North, as in an ice- 
house. Thus the bodies of individuals of the 
Northern Elephant or Mammoth, now extinct, have 
l>een foun<l in the frozen soil of Siberia, with their 
flesh and hair still attached to them, and, indeed, 
little altered since the death of the animal. Cases 
such as these are, however, of the most exceptional 
character, and the same mtiy be said of the few 
remaining instances in which the soft parts of 
animals are known to have l)een preserved in a 
fossil condition. Two things follow from this. In 
the first place, we can never exj)ect to find in the 
rocks any remains of animals which are entirely 
soft, and which do not possess any hard structures 
or skeleton at all. Hence, a vast numl)er of 
animals, such as earthworms, leeches, sea-anemones, 
jelly-fishes, sea-slugs, and many others, are either 
unknown as fossils, or are only recognisable by 
means of markings which their soft bodies may 
have left after their death upon the mud of the sea- 
bottom, or the sand of the sea-shore. At the same 
tiino, we ai*e not justified, bccau.se we do not find 
these and similar animals as fossils, in concluding 
that they did not eociat in past time — the probabili- 
ties of the case being all the other way. In the 
second place, as regards those animals which are 
found in the fossil state, with wholly insignificant 
exceptions, the student is unable to investigate any- 
thing but the hard parts or skeleton, since all the 
soft parts have disappeared in the process of fos- 
sil isation. Hence, the student of fossils has to pro- 
ceed in his work by methods less perfect than those 
open to the naturalist. The latter decides upon the 
nature and position of any given animal, os we have 
seen, mainly from the anatomical characters of the 
muscles, nerves, internal organs, and soft paiia 


generally ; but the former has to arrive at a siimlar 
decision without any other materials m whidi 
to found a judgment save such as may be afforded 
by the hard jmrts or skeleton, which can alone 
be preserved in the rocks. 

Nor does the above adequately express the diffi- 
culties against which the worker with fossils has to 
contend. Not only has he nothing more than the 
skeleton of the animal to go by, but very often he 
docs not even get that skeleton in a perfect condi- 
tion. It is true, of 0001*80, that we often meet with 
the skeletons of small animals, such as the shells 
of shell-fish and the like, in an unmutilated state. 
Even in these cases, however, the fact that the shell 
has been buried in the rock, and is filled with 
mineral matter, often prevents our studying it 
fully, since we can examine, perhaps, only its ex- 
terior surface, or we may bo able to see only a part 
of it ; so that its most imiiortaiit characters may be 
lost to us. In the case of the skeletons of tlu* laigcr 
animals, on the other hand, it is lure indeed to me^et 
with perfect specimens in a fossil condition. The 
visitor to the splendid geological galleries of tlie 
British Museum is apt to form a somewhat different 
opinion ; but the above is the i*eal truth. Generally, 
the student of fossils has little more })re 8 entod for 
his inspection than a few detaclied scales, a portion 
of a skeleton, a number of bones dislocated from 
their natui’al j)ositions and confusetlly Jumbled to- 
gether, or, it may be, a single bone or tooth. Even 
when ho may possess a very large series of bones, 
there is the strongest probability that these were 
found in the rock altogether disconnected and de- 
tached from one another ; and even if they should 
belong to the same kind of animal, they will pro- 
bably belong to many individuals of the same, 
so that there still lemaiiis the task of piecing 
together these scattered and fragmentary remnants, 
and of showing whether or not they have any real 
connection with one another. 

In accordance, then, with what principles and 
laws can the student work out the pipblem we have 
just indicated — a problem whicli at first sight might 
appear to be one beyond human powers ? The answer 
to this question is to be foimd in the fact that the 
various parts which compose any living body, whe- 
ther animal or vegetable, invariably bear a certain re- 
lation to one another, andaromutually inter-comiected 
in some definite and for the most part discoverable 
manner. Each organ and each structure in a given 
animal stands in some relation to all the other parts 
and organs of the same animal, the peculiarities of 
the one corrosj)onding with definite peculiarities in 
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all tfae others. The law of this relationship — its 
why and wherefore — we do not know, but the fact 
remains as a piece of empirical knowledge, which 
we can use without knowing its fundamental im- 
port. It follows from this that certain structures 
and certain organs are always found together, and 
are never found apart. The one irwpHea the other ; 
and, if we know that tlie one structure is present, 
we can assert with an appmach to certainty that 
the other was present also. We have to make the 
reservation that this association of different struc- 
tures with one another is known to us only as a 
matter of experience, and that, in our ignorance of 
its real reason, we are not justified in asserting 
positively that it has invariably held good through- 
out past time. Possibly, we may — ^imieed, we 
sometimes do — find structures which are generally 
associated with other particular structures, to be 
occasionally accompanied by organs of quite a dif- 
ferent natuiv. Htill, our ex])crience is now a wide 
one, and it is upon this empii ical law of the general 
or constant association of different organs and struc- 
tures with one another that the reasoning of the 
student of fossils must lie based. He has only a 
small portion of each animal oiien to his examina- 
tion, and fioui the characters of this he must infer 
what were the characters of the parts which he 
cannot examine directly. If our knowledge were 
sufficiently complete ; if we could satisfactorily ex- 
plain such apparent departures from this law as we 


it is wonderful with what precision the skilled 
worker in this field of science can reason from 
what we know to w'hat we do not know, and can 
build up and restore an entire animal from de- 
tached fragments of its bony fi*amework. 

The working of this law of the ** correlation of 
organs,” as it is technically called, will be readily 
understood if we select one or two examples of its 
practical application. Suppose, for instance, that 
we had dug out of the earth such a fiagment of a 
fossil bone as we have represented in Fig. 3 ; how 
should we proceed to determine the structure and 
relationships of the animal to which it belonged ? 
In tlie first place, then, our knowledge of the ana- 
tomical structure of living animals — ^without which 
it would be utterly futile to attempt to solve even 
the simplest problem of this nature — would at once 
tell us that the bone in question is the broken half 
of the lower jaw of a quadiniped or “ mammal.” 
This, of itself, would convey a good deal of infor- 
mation, for we should be at once able to infer with 
certainty that the animal which originally owned 
this bone was one which suckled its young , that its 
skin was more or less extensively covered with hair, 
that it had at least two legs, and ])robably four; 
that its skull was jointed on to its back-bone by a 
double joint; that it breathed air directly; and that 
it had hot blood. All known living animals which 
have a lower jaw at all like the one here under 
considemtion, also possess the other jieculiarities 



Pig 3 —One Half of the Lower Jaw of the Cave-Lion (Fehn speloja), partially broken Prom 
one of the Caves of the Meudip HiUs. Reduced in Size. [Afttr Boyd Vawkina and 
Sandford ) 


already know ; and, still more, if we had any real 
knowledge of wh^ certain stinictures are associated 
with each other : then we should doubtless be able 
to reconstruct a now lost and extinct animal from 
a mere fragment of its skeleton, and to demon- 
strate with certainty what must have been the foim 
of the missing parts. As it is, though allowances 
must be made for the imperfection of our knowledge. 


just mentioned ; and we are justified in assuming, 
in the absence of direct proof to the contrary, 
that the same was the case with animals which 
formerly inhabited the earth, but which have now 
disappeared. 

We should, in the next place, notice that this 
broken half of the lower jaw still contains, firmly 
inserted in their sockets, one of the front teeth, 
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an eye-tooth, and three of the back teeth. We 
should further obsei’ve that all those parts of these 
teeth which are visible above the bony substance 
of the investing jaw, save the limited portion once 
covered by the gum, are invested by a continuous 
layer of bright, shining enamel. Lastly, we should 
hnd that the eye-tooth is remarkable for its great 
size, and its j)ointed and conical shape, and that the 
back teeth are equally remarkable for possessing 
pointed crowns, with sharp-edged and scissor-like 
edges. Now, the next step in the investigation at 
pi*esent l)efore us, is to compare this lower jaw with 
the same portion of the skeletons of known living 
quadrupeds ; and this comparison is rendered easier 
because we know that no animals, save such as are 


lived upon animal food ; that its lower jaw was so 
jointed to the skull as to allow principally of back- 
ward and foi*ward movements ; that it had four 
well-developed legs, and that its toes were ter- 
minated by shatq) and crooked claws. 

Pursuing our researches in greater detail still, 
we should next compare our fossil jaw with the 
jaws of various kinds of living beasts of prey, and 
we should discover that we are dealing with a jaw 
hardly, if at all, distinguishable from that of the 
living lion. We have figured here the complete 
skull of the living lion, and it will at once be seen 
what portion of the lower jaw is preserved in the 
fossil, and how close is the likeness between the 
living and the fossil form. Our jaw, in fact, belongs 



Fig 4 — Skull or the iiyihg Lion \Felia leo ), keoulli) in Size 


carnivorous,” or live upon the flesh of other ani- 
mals, possess similar large and pointed eye-teeth, 
and similar serrated and sharp-edged back teeth. 
It is obvious that tliis form of the teeth is an 
.ulaj)tation to the habit of killing animal prey for 
food, the jK)inted eye-teeth being used to kill the 
pi’ey, and the sharp-edged back teeth being employed 
in cutting up the flesh into morsels sufficiently small 
to be swallowed. Acting upon these considerations, 
we should at once seek to compare our fossil jaw 
with the jaws of the ordinary ** beasts of prey ” 
(Carnivora), such as dogs, bears, wolves, cats, tigei’s, 
lions, and the like ; and we should find that the 
unknown bone which we had exhumed is clearly 
part of the skeleton of an animal of this class. 
No other living quadrupeds possess teeth similar 
in their character to those of the fossil now in 
question. This conclusion, however, canies with it 
a number of inferences of more or less importance. 
We know from this that the possessor of this jaw 


to the great lion, which once lived in England, as 
well as in most parts of Euroi)e, and which is known 
as the “ cave-lion.” This final conclusion enables 
us to infer still more minute particulars as to the 
structure and mode of life of the animal which 
owned this jaw. We are now able to assert with 
certainty that its claws could be retracted within 
sheaths of the skin by the action of elastic ligar 
ments; that it walked u|)on the tips of its toes; 
that its tongue was roughened by little homy 
prickles, which enabled it to readily scrape off the 
flesh from the bones of its prey ; and that tlie pupils 
of its eyes assumed the form of a vertical slit during 
the day-time. 

Even, therefore, if we had never found any other 
bones of the cave-lion than the lower jaw here 
figured, we should still be able to decide as to the 
kind of animal which originally possessed this jaw, 
and we should even be able to reconstruct the 
entii'e skeleton for ourselves. Of course, it is not 
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in every caae that the problem set before the 
palsBontologist is as easy a one as this. The fossil 
may be much less perfect, or rather much moi'e im- 
perfect, than the jaw which we have selected ; and 
the type to which it belongs may bo a much less 
marked, and a much less etisily recognisable one. 
Moreover, some fossils show an association of 
chai’actei’S which are now only found apart, so 
that we should not always bo able to reason with 
absolute ceiiiainty, from the known recent fonns, as 
to tlie stnicture and habits of the fossil animal. 
Still, tlie instance we have chosen is a good one, as 
illusti’atiiig the 7 mth(Kl in which palteontologists 
carry on theii* work, this method in all cases con- 
sisting in a comparison of the imperfect fossil 
sj)ccimens with the comparatively peifect si)ecimens 
of living animals of the same or of related types. 
Nor does it matter what may be the nature of the 
fossil ; the method of procedure is the same. If we 
have to do with a i>iece of the skeleton of a fossil 
sponge, a conil, a sea-urchin, a crab, a limpet, a 
cockle, a cuttle-fish, a fish, a reptile, or a bird, wc 
slioiild proceed in just the same way. We should 
first use our knowledge of living forms to enable us 
to decide broadly to which of the great divisions of 
the animal kingdom the fossil under examination 
belonged, and then, in the next phme, we should 
compare it with the skeleton of its nearest exist- 
ing relations, gradually narrowing the circle of 
]iossible allinitios, and trying, if possible, to place 
it in or near some group wdth which it could be 
directly compared. 

As our aim here has simply been to illustrate a 
geneml princijde, one example is as good as a score, 
and we shall, therefore, merely content oui*selves, 
in conclusion, with pointing out some of tlie most 
imiKuiairt bearings of the science of fossils, as 
thus elucidated, upon various other departments 
of human knowledge. In the firat place, we find 
that while we cannot study fossils excej)t by first 
acquainting ourselves with the structure and charac- 
ters of living beings, our knowledge of the former 
has in turn vastly helped us in our investigation of 
the animals and plants now in existence upon the 
globe. Many cases, for example, are known, in 
which living animals are sepamted from one anotlier 
by wide gaps, and in which we can place a long 
row of fossil forms to fill up the apparent interval. 
Again, there are many points connected with the 
present distribution of animals and plants upon the 


globe, which are intelligible only when we come to 
study the distribution and ^unge of allied forma in 
past time. In another i*espect, fossils afibrd us 
most important information as to the way in which 
the rocks forming the crust of the earth have been 
originally formed. Thus, if we find any bed of rock 
to be filled with the remains of corals, sea-urchins, 
or other animals which we know at present as in- 
habiting salt water only, then we can infer with 
ceriaiuty that this rock, even though it may now be 
situated at the summit of our highest mountains, 
must have been formed originally at the lK)ttom of 
the sea. In the same way, if the rock should con- 
tain the skeletons of such shell-fish as we know now 
to inhabit rivers or lakes, then w^e are justified in 
concluding tJiat it was fomied in fresh water. If 
we meet with the bones of land-animals mixed up 
with marine shells, then wo may supixjse that the 
rock was originally deixjsited as a bed of sand or 
mud in the sea, but in the immediate neighbourhood 
of a coast-line, or at some point wliere a river 
debouched into the ocean. If the rock, on the other 
hand, l)e charged with the romains of ten'estidal 
plants, we infer that it was either itself an ancient 
soil, or that it was formed in the sea or in a lake in 
close vicinity to the land. Finally, the study of 
fossils leads us to very important conclusions as to 
the distribution of dry land and sea in 2)a8t periods, 
and as to the climate of different parts of the earth’s 
surface during successive e})ochs. Should we meet 
with the trunks or leaves of i)alms, or the remains 
of ancient coml-i’eefs, wo are warranted in supposing 
that we have here clear indications of a climate of 
almost tropical wannth. On the contraiy, if we 
find the bones of the reindeer or the musk-ox, we 
are equally entitled to regard these as signs of a 
cold or nearly Arctic climate. In this manner, and 
in many other ways, the student of fossils finds 
himself called iqx>n to consider, and in many cases 
to decide ujx)!!, a vast number of problems r(*lating 
to the former history of the earth, the climatic 
vicissitudes which it has undergone, the changes 
which have taken place in the dis|X)sition of the 
diy land and sea, and the nature and mode of life 
of the successive races of animals and plants which 
have peopled the surface of our planet In a word, 
the science of imlcBontology constitutes one of the 
most imix>rtant of the elements of the general 
history of the earih, since the time when first it 
became the theatre of life. 
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MILK. 

Bt I’HOFERhOR V . H. EaTON LoWE, 
Author of ** The Chemistry of the Brodkfast-Tahle." 


M ilk is the only fluid which naturally contains 
all the constituents of the human hody. It 
forms the sole sustenance of the young of all animals 
which suckle their young; and from it alone tlie 
muscles, bones, blood, hair, nails, imd internal organs, 
are derived. All these various forms of organic 
matter are, by some process which science at present 
is incomj^etont to explain, derived immediately from 
the blood, which may accordingly be regarded in the 
light of liquid flesh. 

Tliis liquid flesh, ricli in all the materials requisite 
to form the solid and fluid paits of the body, is kept 
up in infancy solely from the milk furnished by 
Nature for the purpose of nutrition. From whatever 
source the milk is obtained, it is found to be com- 
posed of the same ingredients, although the propor- 
tion of these constituents slightly varies. Thus, 
milk from one animal is riclier in sugar ; that from 
another has a larger proportion of water; while that 
of a third species has a smaller percentage of in- 
organic salts. A glance at the constitution of this 
all-sustaining and all-sufficient food will serve to 
indicate the principle wliich should guide children 
of larger growth in the selection of tJieir dh»t. 
Before proceeding to an analysis of milk, it will be 
profitable to trace the action of cei-tain kinds of 
aliment upon the human system. I’hysiologists 
have ascertained that in order to build iq) the 
muscles, or what is usually termed flesh, we must 
make use of food containing in some form the gas 
called nitrogen. Such an aliment is found in the 
fll>rin of lean meat, the gluten of wheat, or the 
albumen or white of an egg. To keep uj) the heat 
of the body (a temperature amounting to nearly 
100° Falir.), we require a different kind of food — 
one containing a large proportion of fatty or olea- 
ginous matter. This we may readily obtain from 
the fat of animals, so that in a meat diet we have 
both kinds of food presented together. 

The reader will now undoj*stand the distinction 
between flesh-formers ” and ** heat-givers,” or the 
nitrogemva and oleagimm classes of food. 

It must not be supjiosed that animal food alone 
will furnish us with the necessary admixture of 
flesh-forrning and lieat-giving materials. 

A purely vegetable diet is capable of affording all 
that is I’equired in the shape of aliment, although 
in a less concentrated fonn. Thus, the gluten of 
wheat and other grains correspoiuls to the fibrin of 


meat ; while the sugar and starch contained in the 
grain are converted into fat by the action of certain 
fluids secreted during the process of digestion. 
The ox, elejdiant, hippopotamus, and otlior gr eat 
quadrupetls, are herbivorous, or graminivorous ; 
their massive muscles ai*e derived from the use of 
food selected solely from the vegetable world. While 
amongst mankind vegetarianism has been found not 
incompatible with the highest mental and physical 
development. 

Now, let us examine the composition of milk, and 
endeavour to ascertain whether it contains those 
nitrogenous and oleaginous elements which we have 
seen must form the predominant principles in every 
food calculated to promote the growth of the body. 
We all know that when milk is loft undisturbed for 
some time, an oily fluid, called cream, rises to the 
surface. This it does by virtue of its lightness, or, 
in other words, its “ low specific gravity,” compared 
with that of the water which forms thi* bulk of the 
liquid. This cream is sinqily oil or butter, and is 
the oleaginous princi])le of the milk, corresponding 
to the fat of animals. When examined by the 
microscojK} (Fig. 1), the cream is found to consist of 
a multitude of little 
globules, perfectly 
spherical, inclosing 
the oil in a thin pel- 
licle or membrane. 

In the pi’ocess of 
churning, this mem- 
brane becomes rup- 
tured, and the oil or 
butter thus set free 
unites into a mass, 
more or less solid ac- 
cording to the tem- 
perature. The opacity of milk is jirotluced by 
the suspension of these microscopic oil-bags in the 
clear liquor; and when com])lete separation has 
taken place, the opacity becomes less dense, and a 
bluish tinge is produced. The more numei*ou8 the 
oil-globules are in a given quantity of milk, the 
deei)er is the o^mcity, so that, in general, the eye 
will serve to distinguish good milk from bad. 

Having removed the oleaginous principle, where 
ai-e we to look for the flesh-forming or pui*ely 
nourishing element ? Tlie process of cheese-making 
will serve to enlighten us on this part of the subject. 



Fiff. 1.— A Drop of Creoin, as seen 
under the Microsco))e. (Mag 
uihed about 200 Diaiuetem. ) 
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From the clear liquid, a solid, called curd, is 
separated by moans of leunet, or, as in Holland, by 
muriatic acid. This curd, dried, salted, and pressed, 
constitutes cheese, which the chemist calls ccmin. 
Casein resembles in composition the fibrin of meat, 
and is therefore that element of the milk fi*om 
which the muscles and muscular organs of the young 
animal derive their substance. A rich cheese con- 
tains some oleaginous matter derived from the cream 
purposely left in the milk ; so that in this substance 
we have a valuable article of diet, comprising an 
admixture of both kinds of alimentaiy matter. In 
addition, however, to fat and ciisein, the body requii’es 
for its complete sustenance other substances, called 
salts, because they crystallise like common table-salt. 
For instance, the bones contain })liosphate of lime, 
and salts of potash and soda are always present in 
the blood. If we make use of food deficient in lime, 
the solidity of the bones will necessaiily be interfered 
with. 

Tt is from this cause that the disease known as 
rickets is produced in children. Again, salts of iron 
must be present in the blood, to produce a healthy 
and vigorous constitution, and, in fact, the re<l 
colour of that fluid is, to some extent, due to the 
presence of iron. Tincture of iron, or steel wine, 
as it is often called, is administered to persons whose 
pallid complexions indicate a deficiency of that metal 
in the blood. 

Milk, then, would not serve for -the sole sus- 
tenance of infancy, if these salts were wanting in 
its composition. Accordingly, if we eva])omte a 
j)ortion of the clear whey which remains after the 
formation of curd, we shall be able to obtain 
these salts in crystals. Crystals of sugar will also 
be obtained. To this chemists have given the name 
of Lactose or sugar of milk. It difiers somewhat 
from cane-sugar or Sucrose, as it Ls much less sweet, 
and feels harsh and gritty to the teeth. A large 
quantity is exi)orted from Switzerland, where it is 
prepared from the whey produced in the nianufac- 
tiu'e of the famous Gruy^re cheese. 

The reader will now be able to understand the 
following table by Begnault, which represents an 
analysis of milk from throe diflerent sources: — 



Cow. 

Ass. 

Woman. 

Water 

87*4 

90-5 

88-6 

Oil or Butter 

4 

1*4 

2*6 

Lactose and soluble Salts ... 

d 

6*4 

4*9 

Casein, Albumen, and fixed ) 
Salts f 

3-6 

1-7 

3*9 

An examination of this table will show 

US tliat 


there is considerable difference in the proportion in 
which the constituents occur 1 1 the three kinds of 
milk analysed by Regnault. That furnished by the 
human female contains much more water than that 
of the cow, and is, consequently, thiimer, and less 
opaque. Cow’s milk also contains nearly twice the 
amount of butter, while the proportion of sugar and 
soluble salts is nearly the same. 

Wlien an infant is unfoi-tunately dei)rived of its 
natural sustenance, and cow’s milk has to be sub- 
stituted, it must be “let down ” by the addition of 
water, and the reduction in sweetness compensated 
for by the admixture of sugar. From whatever 
sotirce obtained, milk contains every constituent 
required by the human body for its giowth and 
nourishment ; and nothing more is required for the 
development of the yoimg of all mammals, whether 
carnivorous or her}>ivorous, than the elements which 
analysis shows us to exist in that impoiiiant fluid. 

It would be eiToneous, however, to suppose that 
milk, on account of its conqwsition, would be a 
suflicient tUet for the julult animal. The acquisition 
of teeth sufficiently demonstrates the necessity for 
solid food. When the sti*ength of the digestive 
organs becomes increased, and the tone of the 
general system improved, food is required wliich 
will give the stomach work to do commensurate 
with its enlarged powers. The teeth are ready to 
break it up ; the action of the teeth causes a flow of 
saliva, which, mixing with the food during mastica- 
tion, prepares it for the juices with which it is 
aftcu'wards to come in contact in the stomach, and 
finally, the gastric juice, bile, and pancreatic fluid 
complete the solution of the mass. 

The more genei-al use of milk, however, as a 
beverage by adults, would bo attended with much 
benefit to health. Beer, on an average, contains 
but one per cent, of nutritive matter, while mOk, as 
the above table i)oints out, contains nearly twelve 
I)er cent. All its valuable constituents would bo 
utilised, and its freedom from alcohol would be an 
advantage of incalculable value. Wo should per- 
haps be ridiculed if we were to recommend the use 
of milk at the dinner-table ; but at that meal we 
really require no beverage whatever, and digestion 
would be effected much more easily and comfoiiiably 
without the dilution produced by imbibing large 
draughts of beer or wine, all of which must be 
absorbed before the gastric juice can efficiently act 
on the solid mass. The substitution of milk for tea 
and coffee, however disagreeable the change would 
be to most i)eople, would, in general, be productive 
of benefit At any rate, children under twelve 
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years of age should not be permitted to take either 
of these beverages, as they undoubtedly affect in- 
juriously the nervous system, while the high 
temperature at which they ai‘e generally dnmk is 
another aiuse of debility and subsequent dyspepsia. 

The impoi*tance of being able to obtain daily a 
supply of 2 >ure milk can haixlly be over-estimated. 
Tlie continued use of milk from which the cream 
has oecn abstracted, oi that of iM-fed or unhealthy 
cows, cannot fail, in the long run, to be productive 
of serious injury, es 2 )ecially in the cjise of children 
brought uj) by hand. 

The reputation of the London sky-blue is 
deservedly bad. London milk Ls genemlly the pro- 
duce of cows that, kept altogether in sheds or yards, 
become emaciated, if not diseased, from the want of 
pure air and fresh gi’ass. The milk they sup 2 )ly is 
bad enough, but it is still further let down by a 
liberal pro 2 )ortion of water, so that when it is h‘ft 
to stand for the usual time, we fail to notice any- 
tliiiig but a mere trace of cream. It is a matter of 
some imj)ortaiice that we should have at hand 
some simjde moans for testing the quality of milk, 
and thus be able to jirotect oursel v es from imposi- 
tion, and our children from injury. 

An instrument called a Lactouiefer has long been 
in use to tost the (piality of milk. It consists of a 
glass stem, with a bulb at the extremity weighted 
with mercury to enable it to float upiight in the 
liquid to be examined. It is a kind of hydrometei 
used for determining the strength of spirits : the 
lighter the liquid in I’elation to water, the dee 2 )er 
tiie bulb will sink ; and the heavier it is, the higher 


the instrument will be buoyed up. The stem is 
graduated into 100 degrees, and so weighted as 
to sink to a mark in pure water — in milk, which 
is heavier than water, the stem will rise in pro- 
portion to the density ; the density varies according 
to the amount of solid matter contained in the 
liquid. If the si)ecific gravity of water be taken at 
1,000°, the 82 )ecific gravity of milk ought to be 
1,030°; while that of cream is only 960°. The mark 
indicates the level of the instiTiment in pure 
milk. 

The indications of the lactometer, however, aie 
not, in all ciises, to be I’elied on, as a large quantity 
of cream will lower the sj)ecific gravity in the same 
way as the mldition of water ; and a milk unusually 
rich in cream is made to apjiear adulterated. The 
best method of testing milk is to employ, in con- 
junction with the lactoinetei’, a glass vessel called a 
‘^cream-measurer.” It is i)rovided with a foot, and 
graduated from 1 to 100. Being filled with milk, 
it is left undisturbed for twelve hours, and the 
quantity of cream can be read off. If less than 10 
j)cr cent. — that is, ten divisions of the scale out of the 
hundred — ^tlie milk may be considered too poor for 
use. A rich milk contains as much as 12 j)er cent, 
of cream, while one containing less than 8 2 >er cent, 
has certainly been watered. 

With regard to calves’ brains and chalk, with 
wliich the London milk is i>oj)ularly associated, 
little need be said. The first would be an expensive 
and altogetlier impracticable source of adulteration, 
and the second, by its insolubility and subsidence, 
soon tells its own story. 


STETKING A LIGHT. 

I5\ John MA'iEJi, F.C.S., etc. 


T he operation known as “ sticking a light,” while 
it is one of the most familial* things of common 
life, lias varied in a remarkable manner from age to 
age in the progi*ess of mankind up to the present 
stage of civilisation. In every form, however, it is 
accompanied with most interesting, if not even 
beautiful phenomena, all of which are illustrative 
of very important principles in the sciences of 
chemistry and jihysics. Let us, in the first in- 
stance, note that method of striking a light” which 
has become quite universal amongst civilised nations 
during the last forty years or so; in short, let us 
strike a lucifer match, observe what takes place, and 


strive to exjdain the ‘‘why and because” of what we 
see, in the hope that what we incidentally leani in 
this first jiari of our inquiry may lead us to under- 
stand the scientific principles involved in some of 
the other and less familiar modes of obtaining more 
or less instantaneous light. 

In its most familiar form, a lucifer * match is 
a square splint of soft yellow pine, 2J to inches 
long, and y^^th to ^th of an inch in thickness. It is 
tip23ed at one end with a small mass of somewhat 
hard material, whoso colour — blue, red, <kc. — varies 
with the whim of the manufacturer, or with that of 
* Latin for “ ligkt-boarer.*’ 
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the customer for whose wants and tastes he caters. 
If exjuiiined a little closely under a strong light, 
and more especially with the aid of a pocket lens, it 
is seen to contain small particles which have a glis- 
tening appearance. Although the material forming 
the club-shaped extremity of the match is usually 
almost entirely destitute of odour, yet, when gently 
rubbed against bodies which exert a definite re- 
sisting power, it emits a somewhat gailic-like 
odour, thus showing that a certain amoimt of 
chemical change has been effected. By employing 
a more decided force — sliarply rubbing the material 
against a rough surface, such as the sand-pa],)er 
which is specially provided on the outside of tlie 
match-box — we find that the match at once bui*sts 
out into flame, in which both heat and liglit ai-e 
developed in a very marked manner. By watching 
the flame closely at the earliest stage, it is just 
possible that we may notice a faint violet-colour hi 
it. Of this more anon. Before tho flame of the 
match-tip has ceased to dart foi-tli, flame is also im- 
parted to another material which forms an important 
constituent of our Incifer match ; in this instance, 
however, there* is no violent detonation oi* deflagra- 
tion, as m tho first stage of the burnmg opemtion, 
and, instead, th(*re is a (piiet, steaily, and luminous 
flame, which is likewise soon ini}»aiixid to the wood 
of the match-splint itself. It may l>e that tlie 
second stage through which the flame passes is 
aceompaiiied with a blue coloration and a very 
decided smell, such as are familiar to us when we 
ignite common brimstone or sulphur ; but nowatlays 
such phenomena are not usually observed in striking 
a match, inasmuch as sulphur — with which common 
lucifer matches were invariably coated for a shoi-t 
distance from the end — is no longer used in their 
manufacture, or, at all events, is used only to a very 
limited extent. Let us strike another match, and 
note very carefully the second and thii’d stages in 
the progress of the flame, assuming, of course, that 
our experimental match has no yellow coating in- 
dicative of sulphur. In the second stage, more 
especially, the flame is very luminous and rather 
smoky, and as it passes into the third stage — ^that 
in which the wood becomes ignited — we shall very 
probably notice that there is a clear liquid body on 
the surface of the wood, which is chased along the 
splint by the flame — sometimes, it may be, to a 
distance of one, one and a half, or even two inches 
before it is finally dissipated. 

Now, if we have carefully noted all these facts 
and phenomena, we are in a position to understand 
the science or philosophy that is involved in one of 


the most familiar acts of our daDy life — namely, 
that of striking a light.” It would be well, how- 
ever, that we should also notice another very im- 
portant fact in the production of an instantaneous 
light by the use of a lucifer match : it is, that the 
match may be lighted by the employment of per- 
cussion, or sudden compression, instead of friction. 
Every boy knows that he can ignite an ordinary 
lucifer match by laymg it ii|>on a hard resisting 
body, such as a brick, a block of sandstone, an 
anvil, &c., and then striking it sharply with a 
hammer ; or by laying it down on a diy pavement 
and then suddenly bringing the het‘l of his boot 
down upon it. Still, our ex]>lanation of the why 
and wherefore” of the pi*o(luction of light by 
striking a match may be all the better imdei’stood 
if we indicate one or two more illustrative expeii- 
nients. Let us take a small pellet of the chemical 
element known as phosi>horus,’*^ duly observing the 
])i*ocaution to have it made as diy as possible by 
simple prossuro between folds of blotting-paper. 
We lay it on an anvil or a smooth flagstone, and iii 
close contact with it we lay a small crystal or frag- 
ment of chlor.ite of potash, and then we apply the 
sharp stroke of a hammer, tho I’esult lafing a very 
decided ex])lo8ion, tho violence of which will vaiy 
with the amount of mato'ial used.f Instead of 
])hosphorus we may use a very small pinch of 
flowci*s of sulphur, tuid by means of a wooden 
sjMitula, or bit of cardboard, make a mixture of 
it with a little pulveriseil chloratti of potash. By 
firmly rubbing or triturating this mixture in a 
sti’ong porcelain oi* ii on moitar we again get a 
more or less powerful detonation. In both cases 
the detonation is attended with flame. 

Phosphoinis and sulphur ai’e two of the most 
easily-ignited substances in the whole range of the 
chemical elements ; but limiting our attention in 
the meantime to the forimn* of these, wo may men- 
tion one or two examples of the extreme facility 
with which we may generate light by its use : we 
shall not say “ strike a light,” from the veiy fact 
that, in the experiments to be indicated, friction, 
percussion, and compi-ession are absolutely unne- 
cessary. If we lay a small pellet of carefully-dried 
phosphorus on a plate or a brick, and then cover it 
with a few small ciystals of iodine — which is another 
of the chemical elements, but not a combustible 
body — we shall find that the former almost instan- 
taneously becomes ignited, and burns with a white, 

* Greek for “ light-bearer.” 

t Let me impree# on my readore the deeirability of using 
only the smallest quantities of these materials. 
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Binoky flame. Again, if, by means of a deflagrating 
spoon we introduce a bit of dried pliospliorus into 
a jar of clilorine gas, a similar kind of action ensues 
in a veiy brief space of time; flame and white 
smoke are produced, as before. But it is not even 
necessary to use either of those ix)werful chemical 
elements, chlorine and iodine, in order to set phos- 
phorus alight. A bit of dry phosphorus is dis- 
tinctly luminous in the dark ; and if two or more 
sticks of dry phosphorus be permitted to remain in 
simple contact for awhile, they will eventually 
burat into flame quite sponhiueously, even at the 
normal terapemture of the aii* ; and the action will 
be much more raj^id if the phosi)horus bo exjK)sed 
in the air to the influence of the direct rays of the 
sun. Fui*thermore, if we |X)ur a few droi)a of a 
solution of phosphorus in bisulphide of carbon* 
upon a sheet of blotting-paj>er, the following series 
of phenomcma may bo observed : — The solvent 
liquid, owing to its remarkable volatility, will 
become dissipated in the coui'se of a few seconds ; 
the phosphoinis previously held in solution will 
then be seen as a thin white deposit on the paj>er ; 
a faint white smoke, such as we are already familiar 
with, will begin to show itself ; and while we are 
looking at it tlie pajKjr will become enveloped in a 
very smoky flame, and be loft as a bhick, chan’ed 
mass wherever it was previously wotted with the 
l)hosphorus solution. 

All these results, which in imagination we have 
been observing, ai’e due to the o|)eratioii of the 
force which has been called Chemical Affinity. In 
each of the two last-mentioned cases the sponta- 
neous ignition or combustion of the phosphoi-us is 
brought about by the chemical action of the oxygen 
gas, which is the active ingredient of the air we 
breathe, and is due to the affinity or liking of the 
two elements for each other. The action, known 
in these two cases as oxidation, is slow at first, but 
as it progresses the heat gi^adually inci'casos, and 
by and by it is raised sufficiently high to ignite the 
combustible element. And 1161*0 we may state, as 
a general law, that whenever two or more bodies 
enter into chemical union, heat results, and it may 
also be attended with the evolution of light. Then 
there is the case of the phosphorus and iodine. 
Both of those bodies have a sort of chemical love 
for each other, and they gradually act and I'e-act 
upon each other when they are brought into con- 
tact — ^heat, as before, being generated. In this 

^ This solution has in recent years been spoken of under the 
name of “ Greek fire.” It is said to have been the substance 
used under that name at the siege of Charleston in 1863. 


instance, however, the heat which arises becon^e* 
so great that the remaining phosphorus bursts into 
flame, and burns at the expense of the atmospheric 
oxygon, while the remaining iodine passes rapidly 
away as a vapour, having a beautiful violet-colour, 
which is one of its physical characteiistics. Lastly, 
we have the case of the iihosphorus in the jar of 
chlorine gas. Those elements are s])ecially prone 
to unite when they are brought within the range 
of theii* chemical affinity, spontaneous ignition of 
the former being the physical result , and a definite 
compound of the two elements being the chemical 
result. 

We have now arrived, 1 think, at that mental 
stage in which we can understand the philosopliy 
of “ striking a light ” by the use of a liicifer match. 
For the last forty yeai*s or so the rule almost 
universally observed in the manufacture of lucifer 
matches has been to employ phosphorus in the 
comjjosition or mixture with which the ends are 
tipped ; and there is good reason for believing that, 
although that remarkable chemical element had 
been disco vei*ed so fai* back as the year 1669, it 
was not used in the production of instantaneous 
lights JiS an article of commerce until about the 
year 1833. According to the late Professor Fara- 
day, the fii*8t maker in this coimtry was John 
Walker, of Stockton-on-Tees. Thei*e wore various 
methods known long prior to that year by wliich 
ready lights could be obtained, most of them being 
due to the progi*ess made in chemical science ; how- 
ever, for the present, we have got nothing to do 
with them. As we have ah*eady said, even very 
gentle friction will develop some chemical change 
in the match composition ; and by employing more 
decided energy wo bring about ignition, which is at 
first very active. In this action we take advantage 
of the ]>hosphoru8 which Ls contained in the com- 
position, in which tliere is always at least one other 
essential ingredient — namely, some chemical com- 
pound which contains a large quantity of oxygen 
which may readily be pressed into service to main- 
tain the combustion of the phosphorus. Of course, 
there are other materials, one of which — glue, br 
gum — is used as the adhesive substance to bind all 
the solid bodies closely together. The highly- 
oxidised chemical compound just referred to, which 
is genei*ally used in the ignition com][X>8ition by the 
match manufacturers of this country, is chlorate of 
potash, from which an abundant supply of oxygen 
may easily be obtained ; by many of the Conti- 
nental manufacturers, however, nitrate of potash 
(common nitre or saltpetre), is used as the source of 
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ihe oxygen necessary for mamtaming the com- 
bustion when once it is started. That either of 
these substances is a ready source of that element 
may easily be demonstrated by throwing a few 
crystals of it ui)on an incandescent coal-cinder or 
piece of wood-charcoal, most active combustion 
l)eing the almost instantaneous result ; and the 
faint violet-colour of the flame which is observed 
may be taken as tolembly good evidence that some 
potassium compound is being used. In some 
instances ])eroxide of lead, or oxidised red lead, 
is used as the source of tlie oxygen, more espe- 
cially for what are termed silent matches ” — so 
dear to the burglar’s heaii;. Besides the combustible 
material, the comi)ound containing the suppoii/cr of 
combustion, and the gum, or glue, there is not un- 
frequently a colouring body used in making up the 
ignition-mixture : it may be smalt, ulti-amarine, or 
Pnissian blue, or magenta, vermilion, Venetian 
red, Persian red, t\rc. But there are also the small 
glistening particles to which we referred in an early 
part of this pni>er. Th€‘y are minute granules of 
ground glass, the function of which seems to be 
assisting the glue to give a firm body to the ignition- 
mixture, aiding t/O ]>rotect the tine pai*ticles of phos- 
phorus from the inttueuce of the oxygen in the air, 
and aiding to generate a higher tein|>eratui'e than 
there would otherwise be. The result last referred 
to is probably due to the formation of new coni- 
))Ounds with the potiish or other mineral base that 
may be pi-esent in the mixture. Iji many instances 
manufacturenj use other ingredients in making up 
their res|>cctivo ignition-mixtures, some of which 
are additional oxidising compounds, others suj)- 
plying carbon in a fine state of division, while 
others give bulk, and only play a sort of mechanical 
function, instead of a chemical one. Whiting or 
ground chalk is an example of the class of sub- 
stances last i*eferred to. 

It is not necessary that we should enter into any 
detailed account of the exact quantities of the 
res[>ective ingredients used by diflerent manufac- 
turers of common lucifer matches, or of the mode 
in which the ignition-mixture is prepared. Those 
are things which are genemlly regarded as “ trade 
secrets,” into which we have no need or inclination 
to pry ; and it is practically sufficiont for us to 
know the important leading fact in the chemistry 
of an ordinary lucifer match that the material from 
which the initial light or flame is obtained contains, 
as its essential constituents, phosphonis and some 
chemical compound which is lich in oxygen, and 
glue, gum, &c., to bind them together. It may be 


desirable, however to make a ^ew remarks in 
regard to the manner in which the phosphorus 
is dealt with in preparing the inflammable compo- 
sition, as also in regard to the quantity used. 
Assuming that glue is the binding-substance used, 
we first dissolve it in water to the consistency of a 
thin syrup, which is raised to a temi>erature of 
from 140“ to 150“ of Fahrenheit, when the phos- 
phorus (wliich very soon melts) is gradually added 
in the requisite (piantity, the mixture being stirred 
the while until a perfectly uniform emulsion is 
obtained. The other ingredients, previously reduced 
to fine powder, are added in successive quantities, 
and carefully mixed until a uniform pasty mass 
results. One of the directions in which improA'c- 
ment has been canded in recent years is the 
reduction of the amount of idiosphorus used to 
the lowest |K)ssible minimum. Of course, as has 
already been indicated, ]>hosj)horus is rather a 
dangerous substance to deal with, and hence it is 
very undeKiral)le that it should be used in exces- 
sively large quantities in makuig the match-tipping 
mixture. On the othoi* hand, too small a ])roportion 
may be used, although there is loss likelihood of 
erring in that direction. If, as in the manufacture 
of gunpowder — which is likewise a mere mechanical 
mixture, and not a definite chemical compound — 
the essential ingi*edients of the inflammable compo- 
sition could be j)roi)ortioncd in such quantities as 
would agree with the doctrine of chemical equiva- 
lents, a tolemble a]>proach to perfection in this 
important chemical nH would be attained. Again, 
it is of the utmost im])ortance that the phosphonis 
should be got into as fine a state of division as 
possible. By reducing it to an infinitesimally 
minute state of sub-division, the utmost economy 
in the manufiicture is obtained, and then there 
is a tolerable certainty of it being imjiossible tc 
commence fnction at any jjortion of the match- 
tip without finding jiarticles of the combustible 
material, phosphorus, in (pi’actically) absolute 
contact with the 6xygen- sup] dying compoimd. 
Now, the most minutely divided phos]>horus that 
we know of is that which is prepared by dissolving 
ordinary jihosphorus in bisulphide of carbon, a 
process already referred to ; and by using that sub- 
stance prepared in the way just mentioned, it is 
possible, according to the results of investigations 
made some years ago, to reduce the proportion of 
phosphorus to y\,th of tliat which was then in 
common use. In recent years, however, much 
improvement has been made in the manufacture of 
lucifera, without, I believe, that process of obtaining 
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molecular snlHlivision of the phosphoms being 
resorted to. In a iwij)e given by a well-known 
German chemi.st some yeiu-s ago, I find the pro- 
jjortions of phosphorus set down as -jVths of the 
weight of the whole ignitiou-mixtui'e. In another 
instance it forin.s ^’^ths, or Jih of the whole; in a 
thitxl there aTO 8 parts of phospliorus iii 77‘4 parts 
of tJic i^ition-mixtiii’e, or rather more than ^ ^th 
of the whole ; ami it has recently been stated that 
the best proportion is from y^th to j*^tli of phos- 
phorus. Some idea of the average quantity present 
in the ignition-mixture of a single match may be 
formed when we mention that, according to IVo- 
fessoi’ A. W. Ilofmann, the annual consumption of 
phosphorus in a Bohemian mateJi-factory some 
years ago was 6^ ewt. of jihosphorus for 200, OOO 
boxes, each containing 5,000 matches. According 
to M. Hochstatter, of Langen, J5 grammes of the 
ignition-mixture, containing 7 ]X'r cent, of phos- 
j)horii8, suffice for tin* coating or tipping of 1,000 
matches ; and according to M. Pollah, 31 grammes 
of a mixture with the same percentage of jffios- 
2 >lioruM are re(|uired for the same number of 
matches. The dLsci'epaiicy shown in these quan- 
titi(\s is quite intelligible wlion we remember that 
tht‘ matches made by diffi*rent manufacturei's may 
vary in size very much. Lastly, we may mention 
that a very eminent authority on the production, 
properties, and uses of phosiihorus, Dr. Anton von 
Sclirbtter, of V'ienna, calculates that 1,200 tons of 
that substance ai’e consumed annually, almost the 
whole of which is employed in the match-tnide, tlio 
total siq)ply being furnished by two establish- 
ments — namely, tliose of Albright and Wilson, of 
Oldbuiy, near Birmingham, and Ooignet and Son, 
of Lyons. 

Having got this highly-inflammable mixture 
ignited, we must now look for a brief sj)ace at the 
next stage of the oj)eration of striking a light ” — 
namely, tlie ignition of the material which forms 
the iutennediary or internuncio between the more 
and the less combustible bodies, and which even- 
tually impajfts flame to the sjdint of wood. For a 
good many years after i)hosphoru8 matches came 
into general use, the inflammable substance employed 
as the Are-conductor was sulphur, whicli has ali-eady 
lieen I’efen'ed to as lieitig very easily ignited. Into 
this substance, in the molten condition, bundles of 
the sjdints were dipi>ed to a depth of rather more 
than a quarter of an inch, so as to give the wood 
a thin coating of that body. But burning sulphur 
generates a gaseoiis compound which jwssesses a 
very objectionable smell, and with the view of 


getting rid of that diaagteeaUe romlt <rf « striking 
a light,” a very great improvenaent was effected, in 
tlie yeai* 1861, by Mr. R M. Letohford, a well- 
known London manufacturer of lucifer matches. 
Vario\is raanufiujturers had endeavoured to avoid 
as far as possible, the use of sulphur for the pm*, 
pose of communicating to the wood the combustion 
commenced in the ignition - composition, by re- 
jdacing that substance by wax, or stearic acid, which 
could only bo used, however, for the higher-priced 
matches. But by Mr. Lctcbfoi*d\s process it was 
mwlered jiossible to use a substance which has 
since becoiiu* very cheai». and which is now almost 
exclusi\ely used in this couutiy instead of suljihur. 
The material in question is solid jmraffiii, or 
paiaffin oil ; but I believe that the kind of pamffin 
which is used is the ordinary “paraffin scale ” of 
commerce, a substance which can lie had in any 
desiivd quantity, at a price which is fabulously 
cheap when we consider that the firat s|)ecimen of 
I)ai*attin publicly exhibited dates no further back 
than the Great Exhibition of 1851. Its jirice is 
now only about 3d. per lb., or (piite as economical 
as sulphur. The solid 2 >aniflin is melted, and the 
ends of the matches, p7*eviously set a shoi't distance 
aimrt in frames, iu*e dipiHsl into the li(]uid, which 
is very readily absorbed by th(‘ soft, dry splints, 
the ends of which have previously been heateil. It 
was to tins substance that we ja*eviously referred 
when we sjioke of a clear liipiid body running u[) 
the surface of the burning matcli-sjdint, for so long 
as the match remains at the ordinary tempemture 
of the air, the ])araffin, absorbed into the iioros of 
the wood, remains practically invisible. It burns 
with great regulaiity, and witliout any objection- 
able smell. 

Another improvomeiit in the chemistry of lucifer 
matches, and one which dates furfher bock than 
Letchford’s patent process just referred to, was the 
substitution of “amorphous” phasphorus for the 
common or “ vitreous ” variety, as it is sometimes 
called, and which was based upon a very remark- 
able discovery, made so far back as the year 1848. 
The “allotropic” modification known as red or 
amoiqffious phosphorus, which had been observed 
to result when ordinaiy phos})horus was exposed 
to the action of heat under |>eculiar conditions, was 
most carefully investigated in that and subsequent 
yeara by Schrbtter, of Vienna ; and the result of his 
ex 2 )eriments and observations was that it possessed 
chemical, physical, and physiological properties 
vastly diflering from those which were known to 
belong to the ordinary variety of that element 
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The latter* when preeent in the ignition-mixture, 
not only takes fire very readily by friction and 
percussion, and by a moderate elevation of tempera- 
ture, but it is also soluble in some of the digestive 
secrcitions, and forms an irritant poison ; besides 
which it yields a vapour during the process of 
nmuufacture which acts most detrimentally upon 
the health of the work-peo^de if it is inlialed in any 
marked quantity. It was in coui*se of time dis- 
covered that the red or amorphous phosphorus suf- 
fered no change in the air, even when exjKJsed in it 
over long periods ; that it was absolutely incapable of 
ignition by friction, and therefore i)ortable without 
danger ; that it jx)SBeHsed no taste or odour, and was 
insoluble in Jill Ih^uids which dissolved ordinary 
pho8[)horus, and consequently not poisonous; and 
that it requii'ed a very high temperature before it 
would ignite. Though it no longer possessed the 
ordinary pro|>erties of the phosphorus with which 
chemists had been so long familiar — namely, vola- 
tility, fusibility, and iullammability at compara- 
tively low temperatures — it was absolutc^ly the same 
chemical ehmient, but in a toUlly different physical 
condition, Tlie distinguished Vienna chemist also 
showed that the jvmorphons variety might with great 
atlviiutage he substituted for common phospbonis 
in the match manufacture. Scarcely had these and 
the other correlative ffiots boon made known than 
attempts were successfully made to tium tlieiu to 
account, for in the (xreat Exhibition of 1851, ex- 
cellent liicifor matches were shown by Messrs. 
Dixon, Soil, and Co., of Mancliester, the ignitiou- 
mixturo of which contained Schrdtter’s phosphorus 
as its special ingredient ; but they never seemed to 
find favour with the public, and they soon dis- 
apf>eared entirely from the market. 

TJiere was still an ardent hope, however, that 
amorphous jdxospliorus would yet be used with 
success in making lucifer matches, and accordingly 
a patent was taken out very early in the history of 
that substance (1851) by Mr. Albright, of Birming- 
ham, for a process by which it might bo prepared 
on a large scale. Friction-matches, themselves 
containing no phosphorus, but involving the use of 
that clement in its amor])hous condition, were made 
and sent into the market in the year 1854, and in 
the following year they were sliown in the Paris 
International Exhibition by no fewer than three 
firms, all of whom, however, were Continental 
xnanufactui’ers. Considerable chemical interest 
attaches to these so-called safety ^-matches, and 
therefore they call for one or two remarks. Hav- 
ing some of tliem at hand, we take one and sharply 
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draw the club-shaped tip over any ordinary rough 
surface, but we find that this attempt at “ striking a 
light is altogether futile ; and after using up 
several of the matches we at last try one of those 
still remaining upon the sand-pai)er fixed on the 
box, when the desii’ed light is obtained. How 
shall we explain this circumstance 1 On making a 
chemical analysis of the ignition-mixture on one of 
these matches, we find that its main ingredients are 
chlorate of potash and sulphide of antimony, with 
glue as the landing material. Now, a mixture of 
those two chemical compounds in certain propor- 
tions, and both in the foi’m of dry powder, will de- 
tonate with gi‘eat violence by using even a moderate 
amount of friction, and esjjccially if struck sharply 
with a hammer ; but as the special ingredients of a 
match-ti])puig mixture, their power of chemically 
reacting upon each other is suspended by the pre- 
sence of the glue. Then, again, if we carefully 
examine the sand-paper on the match-box, we find 
that it is Bj>ecially prepared, and tluit in addition to 
the sand there is a quantity of amorphous phos- 
phorus in admixture with black oxide of nuinganese, 
or sulphide of antimony, the binding materijil again 
being glue. Simple frictional contact of the match 
with the amorphous phosphorus rid)her on the box 
easily and certainly induces ignition in tlu' fornuT, 
which is almost instantaneously communicated to 
the paraffin undomeath tlie ignition-mixture. These 

safety "-matches, which ^‘oiily strike on the box,” 
and are so familiarly associjited witli the names of 
“Bryant and Mjiy,” have never got into general 
use in tliis country, notwithstanding their “ safety ” 
character and the non-poisonous quality of the 
phosphorus used in ]>rapanng the paste for the 
sjiecial friction-surface. The ignition-mixture of 
Hwedisli “ safety ’’-matches * has l)een found to 
contain chlorate and bichromate of pobish, rod lead, 
and sulphide of antimony ; and with such matches 
“striking a light” is easily effected on a surface 
prepared with 8 paints of amorjdums jffiosphorus 
and 9 parts of sulphide of antimony. 

It is possible that in course of time the considera- 
tion of the question fomiing the main subject of 
the present paper — namely, the ehomistry of a lucifer 
match — may no longer involve the function per- 
formed by phosphorus in the process of “ striking 
a light,” inasmuch as recent experimental inves- 
tigation has tended in the direction of dispensing 
with that element altogether. For that purpose 
various non-pliosphoric ignition-mixtures have been 

* In Sweden and Denmark the ujse of the ordinary kin<l of 
matches is prohibited. 
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suggested, some of them being very complex in their 
composition. One mixture which is said to pro- 
duce lucifer matches of good quality contains only 
chlorate of potash and hyposulphite of lead, bound 
together on the match-splint in the usual way ; but 
in the meantime thei’e is no immediate prospect of 
phosphorus being superseded. 

Prior to phosphorus coming into use for the 
manufacture of lucifers, which is an event quite of 
our own time, there were in opei*ation various other 
methods of “ striking a light,” to wliich we must 
now bri<*fly devote some consideration. One of tlie 
cJicmical inatclies which in historicid order almost 
immediately preceded the true lucifer, was that 
known as the “ (bngi'cve” match, named after 8ir 
William Congreve, the distinguisl ed artillery officer. 
It wiis a llat wood splint, ti[»pcd with sulphur, upon 
which there was fixed a mixture of chlorate of potash 
(I paii) and black sulphide of antimony (2 pjvrts). 
Many of us have vivid recollection of the ‘‘ Con- 
gi'eves,” for they were the first true friction-matches. 
For the ])enefit of those who do not remember them, 
it may bo stated that the act of striking a light by 
tJieir aid Wiis ellected by vigorously and sharply 
drawing the match-tip between two pieces of sand 
pa])er or eniery-])aper held firmly between the 
thumb and first finger. The philosophy of the 
process lay in the fact that tlie sharp friction of 
the mixed potash and aiitimouial comjwnnds gener- 
ated heat enoiigJi to ])rodiico ignition, which was 
Buhseqiiontly communicated to the suljdiur, and 
then to the wood splint. Immediately before the 
‘‘Congreves” th(U*e were the “rrometheaiis,” wJiose 
career was only short-lived. Their value as instan- 
tiiiicoiis lights wsis due to the circumstance that a 
mixture of chlorate of i)otash and sugar (a com- 
pound ricli in carbon) at once d(‘flagrat(\s if touched 
with a drop of strong sulidiuric acid, owing to the 
libemtion of a gaseous compound of chlorine and 
oxygen, which may be regarded as a supj)orter of 
combustion. These chemical matches consisted of 
a kind of paper cigar(*tte, to which was fixed a 
small quantity of tlie sugar and chlorate comjiosi- 
tion, and in which there was a small glass bead or 
globule containing sulphuric acid. The breaking 
of the latter, by compressing the match with a 
pair of pliers, or between the teeth,* liberated tlie 

* The man who thus struck a light with the first “ Prome- 
thean ” seen in Cornwall had reason to regret it. The Bui>er- 
fititious tin minors before whom he carelessly exhibited the new 
chemical toy were no doubt sufficiently impressed with the 
wonder, for tliey dragged the chemist thrice through a pond as 
a wizard . But over afterwards he was rather prejudiced against 
alfresco popular demonstrations on the cuiiosities of soienoe. 


acid, which at once perfomed its chemlottl function. 
The ** Promethean ** was in the direct line of descent 
from another chemical match, one wddoh eeems to 
have been invented in Vienna (a city ttili famous 
for its connection with the mateh^rada) as fiir xmk 
as the year 1812. It also WOs a sal)^n^tl|i^>ed 
wooden splint, and the igmtion-mtxtuio with whii^ 
it was covered was one oonsistiiig of sugar and 
chlorate of potash, the firing of which was effected 
by immersing the match-tip in strong sulphuric 
acid kept in a small phial, or absorbed into a 
quantity of asbestos. At or about the same time 
that matches of this kind were before the public — 
known as oxymuriate ” matches — phosphonis was 
also used in procuiing instantaneous light. The 
method referred to was to fuse small quantities of 
phosphorus and sulphur together in a small glass 
test-tube immersed in hot water, and the tube was 
afterwards closed with a cork ; then, when a light 
was desired, a thin sjfihit of wood was immersed in 
the fused niJiss and witlulrawn, ignition being 
effected by the gentlest friction, even on the cork 
used to close the tube. This mode of “ striking a 
light ” is basetl upon the principle rcf(*rred to in one 
of our former cxj)eriments, and much care requires 
to be taken by those who resort to it. 

Not the least iuter(*sting method of obtaining an 
instantaneous light by chemical ni(*aus was that 
illustrated by the so-called “philosophical lamp,” de- 
vised ill the early part of the century, by Dr. Johann 
Wolfgang I)<>bereiner. It consists usually of a 
cylindrical glass vessel, about six inches high and 
four iiiclies in diameter, in which, attached to the 
under surface of the movable metallic lul, there is 
hung a bell-shaped glass, which reaches rather more 
than half-way down, while there is hung inside it a 
mass of metallic zinc. Aljove, the bell-shaped glass 
beoomc'H tubulated, and at jfieasure an opening can 
be effected between the tubed jicHion and the ex- 
ternal atmosphere. Now, by tilling the glass vessel 
fully half-way up xvitli water, and then introducing 
the bell-shaped glass, it is evitleiit that, if the little 
tap is closed, the air ni that glass will be under 
a certain degree of pressure. Lot the tap be opened, 
however, and the contained air will rush out until 
the water rises to a uiiiform level both inside and 
outside the bell. If the w<itcr is now acidulated 
with sulphuric acid, chemical action will be set up, 
the zinc liberating a (piantity of hydrogen gas, 
which will accumulate in the bell ; an<l by turning 
on the small tap, that gas, hitherto under pressure, 
will rush out, and will barn if a light is applied to 
it But instead of lighting it in that way, let us 
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place a fioaall mass of zuetallio platinum^ in its spongy 
condition, within a (diort distance of the escaping 
jet of hydzxgen. Almost instantaneodsly, the pla- 
tinum sponge will begin to glow and become bril- 
liantljr incandescent, and the 
jet of hydrogen will then take 
iire and bum with- its com- 
paratively non-luminous dame. 
Following Dobereiner’s in- 
structions, we have struck a 
physical light from certain 
apparently unpromising ma- 
terials ; and for the benefit of 
the uninitiated, we shall now 
throw a little mental light 
upon the process by which it 
was struck or obtained. Let it 
l>e observed, then, that spongy 
platinum hap the peculiar 
jK)wer of abstracting oxygen 
gas from the air, and storing 
it up in its pores in a highly concentrated form. 
If that gas and hydi’ogen be brought within the 
range of their chemical affinities, luiion will ensue 
witli more or less energy. In this case, the hydrogen 
finds tlio oxygen in such a condition as to favour 
the immediate union of the two elements ; heat 
results from the chemical union, and very shortly 
it reaches the condition of bright, glowing incandes- 
cence which is necessary for the ignition of the 
still escai)ing jet of hydrogen gas. This lamp is 
even yet in occjisional use on the lecture-table of 
the professional chemist, and it is a beautiful ex- 
ample of the application of science in our endeavours 
at ** striking a light ” (Fig. 1). 

The use and value of the somewhat classical flint 
and steel in stiiking a light ” have long been 
known, although the practical employment of the 
process referred to is somewhat unfamiliar to the 
pi*esent generation. Every boy knows, however, 
that he can call forth at jdeasure a brilliant shower 
of fiery sparks from a dry pavement of coarse sand- 
stone or rough asphalte, providing that his shoes or 
boots are well shod with iron or steel. Such showers 
are frequently seen when a powerful horse vigor- 
ously sets his shoulders to the work of drawing a 
too-heavy load over slippery granite or whin paving- 
stones. Copious sparks of fire are also frequently 
seen during dark nights on the flinty roads of 
Hampshire, Sussex, Kent, or Surrey, when they 
are traversed by the labourers with their rough 
hobnailed boots. In these, and many other more 
or less similar instances, the process of ** striking a 


light ” admits of a thoroughly scientific explanation. 
It is simply Motion, or rubbing together. Draw 
the hand rapidly along the table, or down the sleeve 
of your coat, and heat will be felt. Rub any two 
hard substances — or, indeed, any solid substances*- 
together, and there will also be heat If the opera 
tion is continued with sufficient energy, the heat 
will increase in intensity until it is visible in the 
form of fire.” It is this which is displayed when 
the flint is struck against the steel, or against 
another piece of flint. To put it briefly, it is that 
the mechanical energy exerted in producing the 
fnction is transformed into heat, which actually 
becomes so intense as to set fire to the minute 
particles of iron or steel that are separated from 
the mass by the violence of the actioa Of course, 
there must be oxygen gas present, otherwise no 
sparks of light will be emitted at the moment of 
exerting the friction. If flint and steel be struck 
against each other in a vacuum, there is no light 
produced, but the particles of steel thrown off, if 
afterwards examined by the aid of a microscope, 
show distinct signs of having been in a molten state. 
But in order to get a i)ermanent light from the 
evanescent shower of sparks just spoken of, it is 
necessary that the incandescent particles of steel 
should be allowed to come into contact with easily- 
ignited material, which will bum slowly — such a 
substance, for example, as the tinder which is pro- 
duced by the imi)crfect combustion of linen or cotton 



Fig. 2. — Tinder-Box— Flint and Steel — Brimstone-tipped Matches. 

rags, or, better still, the substance called amadou, 
or Geiman tinder, which is a peculiar preparation of 
several species of fungi (mushroom order), belonging 
to the genus Poli/porus, This smouldering tinder 
may then be touched with a sulphur-tipped wooden 
splint, which at once bursts into flame (Fig. 2), 
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Uut it is not even neecssaiy to list tlie stetl .>t .ill, 
as It is .luit. rossil.le to i;et ln,l.t l.> fnetiou in even 
a less ,,i on.ising w..> . For es.iini.le, it is ei en l>os 
blble to lou.l.r two < 111 . 11 1/ i»>l.l)les ihstiiRtlv Iniinn- 
cus by rubbing them togetliei 111 the ihuk . then, 
as.iin, if .1 sm.ill loek eiist.il h.ive one ot its f.up 
biiskly ih.iMii 01 er the hue of .1 l.ugi- eivst.il of the 
6.vuie in.iteii.il, both he.it and light .ne piodueed. 
On the .luthonty of a gun flint ni.ikei, it h.is liemi 
state (1 that flint chii.s, i( throw n 1 loleiitly down upon 
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whuli has been well dried and vigorously rublinl 
between the li.indb , and the aborigines of ceitam 
p.irts of Kastorn Asia, and especially of tlu* ishinds 
of Borneo and Sumatra, obt.iin it by strikuig to 
gethei two piwes of sjiht b.iiiiboo. Of couise, it 
shouhl lie note! that uniongst the woodi tissue of 
.1 Isimboo stem thoi-e are dejiosited niyria<ls of small 
cnshils of quart/, and thus the method in qiiestiop 
does not seem so very extraordinary. 

It IS not necessary that we sliould enlarge ujion 
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toucli pa|>€i * Uini’ cm a fluj^stono, will develop such 
an amount of Lc'at as will induce if^iition in that 
comhustihle material; and from this it may he 
infen ed that there will not be much difficulty in 

striking a light” if two flint-stones, with good 
edges, be violently stnick against eacli other over 
a mass of dry moss on which sulidiur is tliinly 
scattered in very fine powder. Many primitive 
tribes of mankind obtain fire by somewhat similar 
means. The wild Eskimo generally obtain it by 
striking pieces of quartz and iron jiyrites together, 
allowing the resulting sparks to fall upon moss 

* Touch-paper is made by immersing bibulous jiaper (like 
blotting-paper) in a strong solution of nitre, and then drying 
it carefully. 


the jmrely mechanical ojjeratious of preparing th^ 
match-splints, but it may not be undesirable to 
mention two or three facts by way of indicating 
the extent to which inventive genius has been 
pressed into service in designing ingenious machinery 
for this branch of manufacture. To go back no 
further than the Great Exhibition of 1851, 
we find that one of the most improved machines 
then in use was capable of cutting 1 ,000,000 sfilints 
in four hours. About the same time a machine 
was in use in Saxony by which 3,000 splints were 
made per minute. Some time ago Mr. Charles 
Tomlinson described a London match-factory where 
the splint-cutting machine turned out 2,500,000 
matches daily; while at Messrs. Dixon’s factory, 
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near Manchester, the daily produce was said to be 
from 6,000, 000 to 0,000,000, but whether or not 
that was the ])rodu( <‘ of only a single machine is 
not stated. One of the most productive machines 
at this kind of woik is capable of cutting from 
10,000,000 to 16,000,000 of matches per day — a 
number whicli, if laid end to cn<l, would reach 
upwards of COO miles. It is in use at the Green- 
vale Chemical Work >, Glasgow, and was invented 
by Mr. John Jex Long, who has been engaged in 
the match-trade for fully a quarter of a c(‘ntury, 
and now employs from 300 to 400 w'orkers in pro- 
ducing matc hes and “ vesuvians ” alone. 

But tire may also be obtained by the sudden 
compi-ession of air in a conlined space oontaiiiing 
some very combustible material. For this ]mr]K)se 
the beautiful experiment with Mullet’s ])um]), or 
the ordinary fire-syringe of the lecture-room, may 
be employed. It consists of a small metal or glass 
cylinder, in wliicli a closely-fitting, solid piston 
works. It is readily noticed that lieat is developed 
by rapidly forcing down the piston in the cylinder, 
and if a small bit of German tinder bo fixetl to the 
piston and the action then be performed, the tinder 
will be ignited sulficiently to infiame a suljdiur 
match. If, instead of the tinder, a pellet of cotton- 
wool be used which is moistened with ether or 
bisulphide of carbon, a flash of light may be 
obtained inside the cylinder, and can be seen, if 
the latter is made of glass (Fig. 4). 

Of the many varied methods of employing friction 
to obtain fire among savages in both hemispheres, 
we have left oui*s6lves no room to B])eak with any 
detail ; but a simple experiment may indicate how 
such people may turn tlie principle to account in 
their native homes. First, let the reader note 
the effect produced by the rapid friction of a flat 
brass button against a piece of soft, dry wood — an 
old and familiar experiment. Then let him take 
a bit of dry wood a few inches long, and rub it 
vigorously by one end upon a wooden surface, say 
a clean, dry floor. In a very few seconds the heat 
developed will be sufficiently great to ignite a 
pellet of dry phosphorus if the rubbed end of the 
stick is simply laid against it. Primitive tribes 
certainly do not possess })hosphoms as one of 
their conveniences, but they have the where- 
withal to produce light if they jwssess any wood, 
and particularly if they have both bal'd and soft 
woods. As an example of the mode of getting fire 
by rubbing two pieces of wood together, we may 
quote the following, by Captain Drayton, regarding 
the Kaffrs of South Africa : — 


Two dry sticks, one being of hard and tho 
other of soft wood, were the materials. The soft 
stick was laid on the ground, and held £rmly down 
by one Kaffir, whilst another einjdoyed himself in 
scooping out a little hole in the centi’e of it with 
tlio point of his assagy ; into this little hollow the 
< 11(1 of tlio hard wood was placed, and held ver- 
tijally. Thm^two men sat face to face, one taking 
the v(*rtical stick between tho i)alms of his hands, 
and making it twist about vt;ry quickly, while the 
other Kaffir lield the lower stick firmly in its jdace. 

The friction caused by the end of one piece of wood 
re\olviiig upon the other soon made the two ]>ieces 
smoke. When the Kaffir who twisted became 
tired, the r(‘.spectivc‘ duties w<*ro exchanged. T]i(\st» 
ojierations li.iviiig eontiiiued about a couple of 
niinules, sjiarks began to ajipear, and when they 
b(‘Came numerous were gathered into some dry 
grass, whicli was then swung nmnd at arm’s length 
until a b]a/(‘ was established ; and a roaring fire 
was gladdening tlie hearts of th<‘ Kattirs, wdtli the 
anticipation of a glorious feast, in about ten 
minutes from the time that the opei*ation was first 



Pig. 4.— The Pire-Synnge. 


commenced.” The. same description will apply 
to the fire-drills of many other savage tribes 
throughout the world (Fig. 3). 

In various instances travellers have given us 
drawings of such primitive methods of “ striking 
a light, ’ especially those involving the use of fire- 
drills, the stick and groove, &c. ; and some philo- 
sophers have seriously discussed the (luestion of 
jK>rtions of the Imman race never having known 
how to })roduce fire ; but on that point we are not 
in a position to say anything that would be of 
value in the discussion, and we shall therefore 
leave it to the philosophers. 
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THE MIGRATIONS OF BIRDS. 

By a. Leith Adams, F.R.S., F.G.S., 

Late Profe$»or of Natural Mistory in the Queen'$ College, Cork, 


I NHERE are few more interesting and improving 
- studies in connection with the natural histoiy 
of animals than that which deals with the social 
habits of the feathered tribes. It is an inviting 
held of inquiry in several respects, but more espe- 
cially with reference to such birds as are called 
fMgratoryj in consequence of a disposition to change 
their retreats at certain seasons. 

But, although this habit or instinct is highly 
developed in birds, it is not altogether confined to 
them, inasmuch as many other animals perform 
similar movements; but their migrations are neither 
so extensive, nor are their concomitant phenomena 
so interesting and instructive. The subject recom- 
mends itself to our notice at the present season, 
when the sweet messengers of spring are commencing 
to put in their api)earance, and gladden the land- 
scape with their joyous songs. We propose, there- 
fore, to consider a few of the more inviting points 
of inquiry relating to the nature and causes of these 
migratory movements. 

The simplest conception of migration, as applied 
to the lower animals, is the abandoning of the 
summer retieat through failure of food. This might 
be further illustmted by the following occurrences, 
which take place every winter in our own island.s. 
No sooner do the cold months set in, than mai’iy 
birds, such as cei’tain ducks, the Woodcock, Fieldfare, 
and other residents of more noi-thern countries, put 
in an apjiearanco ; whilst not a few of our native 
birds seek the milder climate of the south, and 
even a good many cross the English Channel, 
including such familiar songsters as Redbrt'ast and 
the Skylark.* Now, so far as these movements are 
concerned, there is little to excite our wondei or 
astonishment, considering that they are the direct 
results of climate affecting the food-supplies, which 
for the most paid consist of vegetable substances ; 
at the same time, not a few of these birds subsist 
also on insect food, when procurable ; so that, if a 
purely insect-feeding bird should by any chance 
acquire a taste likewise for vegetable food, it would 

• Besides these, the Song-thrash, Blackbird, and other seden- 
tary £uroi)ean birds, migrate in large numbers to the islands 
and southern shores of the Mediterranean during the winter 
months, and when neither absence of food nor the coldness 
of the climate can be said to influence them to the extent 
observed in connection with their compeers of the north. 


be enabled to remain longer in autumn, and might 
even become indigenous to a oountiy. But all the 
regular migratory birds are insectreaters, or nearly 
so, and spend the summer in one country and the 
winter in another. They come and depart with 
considerable regularity as to time, and ymmej 
after definite methods. Hms, the spring and 
autumnal equinoxes herald their arrivals and 
departures; and, whilst some fly in flocks, others 
proceed singly. In fine, each species adopts a 
particular mode of travelling ; and year after year, 
for unreckoned ages, has this coming and going been 
continued more or less throughout great portions of 
the globe. 

During March, April, and May, an observer on the 
southern and eastern shores of our islands, or, in 
fact, anywhere along the routes pursued by birds of 
passage, may note many interesting facts connected 
with their times of arrival, and the order and punctu- 
ality of their movements (Fig. 2). By far the greater 
number of the jiermanently migratory B|>ecies — ^by 
which is meant such as tho Swallows — are insecti- 
vorous. But not only do they subsist entirely on 
insects and the like, but each species shows a pre- 
dilection more or less for particular sorts — a point 
of much im])ortance when we come to consider tho 
times of arrival and departure of different biids. 
It will be apparent, therefore, that such as the 
Sw^allow tribe, and many warblers, have no choice 
between starvation and cold on the one hand, and 
plenty of insect food and a genial climate on tho 
other. Now, if their movements showed no further 
points of im^Kirtance than the advancing and retiring 
within moderate limits, according to their needs, 
there would be little in their sojournings to create 
wonder. But this is far from being the case. Some 
birds perform prodigies in tho extent of ground 
journeyed over, and in the rapidity of their move- 
ments. The tiny Ruby-throated Humming-bird of 
North America proceeds annually from Mexico to 
Newfoundland, and bock ; and tho majority of our 
summer songsters cross and re-cross the Mediter- 
ranean. The Common Black Swift, so fi'equently 
observed circling around church-spires and tall 
buildings, leaves Northern Africa in March and 
April, when the climate is genial, and thei*e is ap- 
parently no falling off in insect food to necessitate 
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its departure. Nc\ertheless, it leaves abruptly, 
and reaches Englaud and Scotland about the 
beginning of May. It does not api^jar to push to 
the noi-theni limits of its migi'ation with rapidity, 
possibly on account of the climate of the north 
being not yet suitable. Portions of the host settle 
down on the islands and along the northern shores 
of the Mediterranean; and, whilst the mass is 
spread over central Europe, the remainder proceed 
ferther northward, until a few reach the Orkney 
and Shetland Islands. No sooner, however, is the 
choice of a locality made, than the parental duties 
are undertakeu* The young are hatched by the 
end of May, and become strong and fly about by 
the beginning of July, when the broods assemble, 
and, after a few weeks spent in vigorous evolu- 
tions, as if training for the long journey, they 
suddenly vanish — 

“ Like tho Borealis race, 

That flit ere you can point their place.” 

A week afterwards, they may be seen circling around 
the ruins of ancient Tliel)es, the walls of Jerusalem, 
or the minarets of Morocco. 

The ix)wers of flight of the Swifts are not sur- 
passed among the feathered tribes. It has been 
computed that the greatest speed of the Common 
Black Swift of Europe is about 270 miles an hour, 
wliicli, if maintained for about six hours, would 
cai’ry the bird from its summer retreat in England 
to its winter home in Central Afiica. Tlie large 
Piir])le Swift of Nortli America is, to all appearances, 
still stronger on the wing. The Chimney Swallow 
is said to attfiin a maximum rapidity of flight equal 
to about iiim^ty miles an hoiir ; whilst the Passenger 
Pigeon of North America is belie v(‘d to travel at 
the rate of about one tliousand miles a day. There 
can be little doubt that an instinctive impulse comes 
over the bird of passage at the times of its departure 
from its winter and summer I'eti’eats. This is mani- 
fested in various ways. For example, many s{H'ci(‘s, 
such as the Common House Martin, have been 
known repeatedly to abandon thoir second broods in 
autumn, and leave them to i^eriah miserably, tho 
migratory instinct — or perhaps, rather, the instinct 
of self-preservation — overcoming parental affection. 
The writer was witness of a similar occuri'ence with 
reference to the Swallows and the Carolina Wax wing, 
in Canada. The latter migrant is closely allied to 
the European Waxwing ; but instead of being a 
winter is a summer visitor in New Brunswick, 
where it arrives abont the middle of June, and 
departs before the end of August. It is, moreover, 


an insect-feeder to a great extent, and breeds in 
colonies, so that twenty to thirty nests may be seen 
within the area of a quarter of a mile. During 
a rather cold autumn, all the Swallows and the 
Waxwings suddenly disa})peared, and in numerous 
instances left their unfledged young to die of 
starvation. Indeed, this yearning to depart seems 
innate in the constitution of the bird, inasmuch as 
the young of migrants brought up from the nest, 
and apart from their parents, display much restless- 
ness at the seasons of departure of their brethren. 
Now, it will be apparent that, although fldlure of 
food in autumn is no doubt the chief factor in the 
movement at that season, to the same cause cannot 
be attributed the bird's dej)arture from its winter 
retreat in the warm climate of Northern Africa in 
spring, when insect life is equally — if not more — 
plentifully distributed than during the preceding 
months. It is consequently tlii.s anomaly that 
constitutes, with the distance trevelleil, the mar- 
vellous chai*acters of the movement in question. 
The parental duties liave been supposed to hasten 
the spring departure, but thei'c is no evidence of 
a trustworthy nature to show that bird.s display 
any disiK)sition to pair until they have reached the 
breeding-grounds; it is to be observed, however, that 
a pronounced cliango of climate takes jdace in all 
regions frequented by the regular migrants of tern- 
]>erate zones. In North Africa, tlie wi]iU*j* cj’op.s 
are gathered in spring, when the genial climate of 
the previous months begins to change, and verdure 
to wither before the liot blasts fi'om tlie Saliara, 
wdiich give warning of ilio a]q>rcach of tho fierce 
heat of summer. Accordingly, many birds assemlde 
in flocks, and proceed towards the coast ; and, jios- 
sibly, the cooler breezes from the iiortli may beckon 
them back to the lands from whenc(‘ in autumn they 
had been the signals for their departure. 

The r(‘treat of the migiunt from its summer home 
is generally more leisuiH*]y ]ierformt‘d than tin* ad- 
vance in spring ; but a great deal depends on the 
food, habits, and constitutional suseoptibilit) of tlie 
species. Some birds start much earlier tlian others, 
and individuals linger for weeks aft^r th<* majoi'ity 
of their brethren have departed. The Quail is a 
great vagrant, especially along the countries of tho 
Mediterranean, where, as soon as the spring ]>roduco 
has been reajied, large flocks of Quails cross the 
inland sea for Europe, jmreuing the same coui-ae 
as when they “ came up and covered the camp of 
the I.sraelites.” Like other birds of passage, they 
are comfortably plump and fat at the time of 
their migrations, and, in consequence, are gi'eedily 



SCIENCE FOE ALL. 


Bouglit aftor by the southerners, who wage a destruc- 
tive warfare, not only on tliem, but also on all the 
smaller birds. The far-famed becca-Jico of the Ibilians 
is no other than the pretty little garden warbler, 
which is considered to be a most delicious morsel. 
However, wlnm sufficient numbers of the latter 
cannot be p]X)ciired, almost every other small buxl 
of passage is substituted, including that prince of 
songsters, the Nightingale, thou sands of whose dead 
bodies may be seen on the tables of the poulterers. 

The suddfui disapiiearance of the Swallow tribe 
was a subject of wonder e^ en so late as the end of 


a definite period of existence, we can well believe 
that the Swallow is not likely to continue its 
sojourn after the particular insect or insects on 
which it feeds have disapi)eared. On the other 
hand, such birds as the warblei's, which aflfect trees, 
and come in contact with a greater variety of insect 
life, are more likely to remain longer in their summer 
retreats. One of the most remarkable European 
migi-ants is the Cuckoo (Fig. 3). Like the Swift, 
it departs early in autumn, when insect life is still 
plentiful ; which may be accounted for by the cir- 
cumstance just referred to — namely a failure of the 


Fly. 1 — Pasbenobr PiaEows (fictopwrw mtgracorla). 


the last century, and various explanations were 
advanced. By certain naturalists it was asserted 
that they never left the country, and spent the 
winter at the bottoms of lakes in a state of torpidity ; 
and even at the present day it is believed a few may 
hibernate in certain localities ; but no authenticated 
instances ha\e been adduced. The opinion may 
have oiiginated in the not unusual occurrence when 
loiterers in autumn are caught by the cold, and 
become benumbed. The extent of bii^ls' migrations 
are, doubtless, regulated by their food-supplies. 
That of species which, like the swallows, ca 2 >ture 
their i)rey on the wing, must be dependent to a 
great extent on 'winged insects of different Rj)ecies. 
Now, as insects i)a8s through what has been called 
a metamorphosis (p. 74), and each grou]> has pai*- 
ticular seasons foi* development, and is limited to 


particular animal food on which it subsists. The 
Cuckoo, moreover, furnisheH another suggestive 
instance of a migrant, displaying a restlessness, or 
the migratory instinct to leave the summer retreat 
as soon as i)ossiblo ; and considering its short stay 
and very extraordinary behaviour during its so- 
journ in Europe, one is lost in wonder to understand 
why it takes the trouble to come all the way to 
the bleak north in order to dejx)sit its eggs in other 
birds’ nests, and dei)art immediately afterwards. 
Tlie Cuckoo crosses from Africa in March and April. 
No sooner is the summer home gained than the 
well-known call announces its arrival, and as soon 
as the eggs are deposited in the nest of some unsus- 
pecting Hedge Sparrow, Titlark, or Wagtail, tnen 
the “ sweet messenger of spring ” ceases to chaunt, 
and begins to think of beating a retreat southwards. 
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Altogether, the British visit does not extend over 
three months, so that if the Cuckoo built a nest and 
reared its young, there would be very little time to 
spare. But theie is this peculiarity in tho mode of 
laying the eggs : each egg is deposited m another 


birds that lay their eggs in the nests of other 
species 

The well-known Night Hawks of the Old and 
New World, and Australia, make also short stays 
in their summei retreats. In the case of our Night 



Fig 2 — Arbital or Miobatort Birds 


bird’s nest, and at mtervals of two or three days. 
Consequently, the young are of considerably dif- 
ferent ages 

Now, if the parents reared their young, the latter 
would be of all ages, and the older would be fledged 
and flymg before the youngest could leave the nest , 
so that under these conditions the anangement 
seems extremely well adapted to the habits of 
the Cuckoos, which, however, are not the only 

20 


Hawk or Chum Owl, it deposits its eggs on the bare 
ground, peihaps for the reason that it has not time 
to build a nest, seeing that, besides its short sojourn, 
it moves about only at twilight, during which times 
the journeys to and from Africa, the piocuriiig of 
food, and the duties connected with the rearing of 
the offspring, have to be performed Although 
migratory buds maintain much exactness in their 
times of armal and departure, there are frequent 
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exceptions to the rule. Sometimes individuals 
exceed the limits of their annual areas of migration, 
and wander far away from their accustomed haunts, 
whilst others are l)ome on the wings of the wind to 
distant lands, such as occurs occasionally to mi- 
gratory bii’ds of Noith America, a few of which 
liave turned up from time to time in Europe during 
equinoctial gales. Indeed, of the vast host of birds 
that cross the Mediterranean sea and English Chan- 
nel not a few perish on the way, and their bodies 
are washed ashore, whilst many instances have been 
recorded of flocks of night- wanderers striking against 
rocks and light houses. 

The most wondrous feat perfonned by migi*atory 
buds is that recorded by Dr. Jenner, the discoverer 


and an absence of seven months in Northern 
Africa, retiuming to the nest of the previous year* 
Even admitting the powers of flight and acute 
vision possessed by the Swallow tribe, and 
the probability that the summer home is charac- 
terised by certain well-defined landmarks, there 
still remains the mental eflbrt I’equisite to treasure 
up a remembrance of the locality during several 
montlis of daily-changing fortunes, not to speak of 
the work of the two long journeys. It is possible, 
however, that migratory bn-ds, through long ex- 
perience and the necessities of tlieii* (existence, have 
acquired strong powers of memory in connection 
with their favouiite haunts, seeing tliat almost 
every species builds in its own especial situation. 



Pig. 8 . — ^Thb CtfCKOO (Ottcitlu* caivonis). 


of vaccination. He captured several Swifts, in 
Gloucestershiic, and marked them by clipping 
two claws from a foot of each, and then set them at 
liberty, when individuals so marked were caught at 
their old nests every year for three successive 
seasons, and even one was taken with the indelible 
mark on its claw after the ex])iration of seven 
years. Carrier Pigeons also illustrate the same 
instinct, but not, however, to the extent displayed 
by the ex|>eriments of Jenner. Other instances 
have also been narrated of the same Swallows 
having returned annually to their nests of the 
previous year. It must, however, be understood 
that the occupants of old nests need not necessarily 
be the original builders ; but supposing that now 
and then suclilike occurrences take place, as in the 
case cf the Swifts, what a marvellous display of 
intelligence they exhibit! Here we have a bird, 
reaxed in Great Britain, after two long journeys 


The Storks repair to the tall steeple, the Swallow <4 
to eaves of houses, and the Thrush builds in the 
fork of a tree; in fact, each species selects one 
situation in preference to another. 

No doubt bii-ds are guided to and from their 
retreats by such landmarks as mountain ranges, 
coast-lines, and in autumn by the sun. The majority 
of the migrants of North America follow the 
Atlantic and Pacific coasts, and many Euroj)ean 
si)ecies cling to tlie western shore-line, as is shown 
by the frequent occurrence of individuals alighting 
on ships ; but not a few pursue their journeys at 
night, and others fly at such high elevations that the 
physical outlines of continents are not likely to be 
of much use to them. In the island of Malta, where 
many European migratory biixls delay for a short 
time in spring and autumn, the writer found that a 
large number arrived and left at night, and that 
many came in during adverse winds ; others drifted 
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before the wind, and seemingly with much discom- 
fort ; whilst luiraerons biixis of feeble flight appeared 
mu 9 h exhausted, and occasionally succumbed to the 
fatigues of their adventurous journey. 

Considering, therefore, the pressing nature of the 
migratory instinct, and the mishai)s which surround 
the bird from over-fatigue, the elements, and foes, it 
may be surmised tliat not a few perish on the way, 
whilst the strongest are likely to survive. 

It apj>ears, moreover, at all events in many 
8|iocies, that the male birds precede the females in 
S])ring, and that the broods of the year often accom- 
pany the parents in the return journey in autumn. 
No sooner, however, do they anive at their summer 
retreat, than the choice of a mate l>ecomes tlie first 
consideration, and the indigenous as well as mi- 
gmtory birds, which had continued mute during the 
winter months, now burst into the most fervent out- 
bicaks of song, vociferation, and gestui'e. The exu- 
berant chirpings of the modestly-decked Sparrow, 
the hoarse croak ings of the Crow, and the musical 
strains of the Nightingale, Thnisli, and Skylark, are 
tlie ovei’flowings of hap])V hearts, excited by the 
allurements of the venial season, and, dcnibtless, 
are fro<|uently meant to charm the female. But 
many birds sing appaivntly for an occupation, and 
aic excited by rivalry, as is frequently observed in 
the case of the Cock Robin, whose joyous notes and 
cver-welcomo form announce his presence nearly as 
often among the frost and snow of mid-winter as in 
mid-summer ; indeed, he may be heard discoursing 
sweet music in autumn, dunng that very dismal 
atmospheric coiulition “a Loudon fog.” 

** On the ni^^h-naked tree the Kobin piped, 

Diacoiisolcite ; and through the drippmg haze, 

The dead weight of the dead leaf hon^ it down.” 

The extent of the migration of birds vaii(‘s con- 
siderably as to time, as well as the distance tra\ ellcd. 
For example, the Common Chimney Swallow com- 
mences its return movements to Eurojw early in 
March, and continues up to the middle of May, 
whilst almost every Swift Inis passed across the 
Mediterranean by tlie end of April. 

Again, although the Cuckoo ajipears on the 
islands and northern shores about the middle of 
March, it is well on in April before any consider- 
able numbei*s airive in the Biitish islands. Indeed, 
in comparing the dates of ariival of several migrants 
at Malta and in the north of Scotland, we find that 
about a month may be allowed between the earliest 
announcements at these points. 

Migrations may be complete, or partial — that is 


to say, all the individuals of a 8]>ecies may abandon 
their summer retreats, or th^ greater number may 
leave, whilst a few may tany in diminished num- 
bers throughout the winter. All the Swallow tribe 
quit Euroj)e throughout the cold months ; and the 
same might l)e said of the Cuckoo, Night Hawk, 
and many warblera ; whilst some of the latter I’etire 
to Southern Europe, and a few of the Wagtails even 
manage to struggle through our winter by repairing 
to sheltered situations. The well-known Migratory 
Thrush of North America (Pig. 4) is a good illustra- 
tion of a hardy bird, showing a 8ti*ong disj)osition to 
tarry in its summer retreat as long as supplies are 
procurable. 1 1 is, however, conq)elled to quit Canada 
ami the northern States when the autumn fruits 
are gone, and the soil has become frozen ; but 
it does not do so until the last reserves have been 
exhausted, whilst a few sometimes manage to brave 
tlie winter by repairing to sheltered situations, and 
feeding on hips, haws, and other winter berries. A 
great deal, of course, will dejiend uiion the constitu- 
tion and power of resisting cold, in which tbei’e are 
gi’eat differences among the feathei'ed tribes. Size is 
no criterion as regards power of endurance, inasmuch 
as the Golden-crested Wren, the tiniest of Euroiwan 
birds, braves the most severe of Scottish winters. 
Swallows are very susceptible of cold, and, in com- 



Fi?. 4,— ’The Migratory Thrush {Turdui mtgralonut). 


mon with other sensitive birds, fall victims to 
sudden accessions of low temperatures, more 
especially should the latter have been preceded by 
scanty su])plie8 of food. Indeed, the migratory bird 
has often severe struggles, as before indicated, 
which no doubt result in the preservc,tion of the 
most favoured individuals. 
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Taking tlie foregoing phenomena into considera- 
tion with reference to the probable origin of birds’ 
migrations, we shall now try to find their explana- 
tion in the history of the areas in which the birds 
themselves sojourn. As far as historical evidence 
extends, thei’e is little if anything in the j)ast history 
of continents beyond ccitain influences exercised by 
man on the distribution of animals to account for 
tlie character and extent of many of the migratory 
i..ovements of birds. It is different, however, when 
I'ecourse is had to the records of the i*oc*ks, for in 
them wo find proofs of changes of the suiface, and 
climates very diflerent in cliaracter and extent from 
anything of tlie kind now existing in the same 
latitudes. Confining our in(|iiiric.s to the northern 
hemisjihere in geiieml, and the Eurojietui and Noi-th 
African areas in particular — or, in other words, to 
the regions freipiented by the migratory birds of 
Europe — we find eertain consideratioiis woi’thy of 
notice. But tlie subject is too voluminous iti its 
details to allow of more than a brief sketch of the 
i-esults of patient and diligent researches in connec- 
tion with the animal and vegetable relics, and 
mineml components of the various stinta composing 
what have been named the Tcitiary Formations by 
geologists. {Frontlnpiece.) doing no furiher back 
than the Miocene or Mid-Tertiary jiciiod, there is 
veiy cogent evidence to sliow that the climate of 
Central and Northern Europe, evt*n far into the 
Arctic Regions, was so mild and genial that animals 
and 2 )lants of equatoiial latitudes flourished on land 
and sea Tliis |)eriod, like all other geological ex- 
pressions of time, was of vast duration, but towards 
its close the climate began to get colder, and re- 
frigeration steadily increased during the succeeding 
or Pliocene period until it culminated in what 
has been called the Glacial Ej)Och,t when Northern 
Enroi>e, Asia, and America were shi'ouded in an 
Arctic climate. Finally, the Ice Age gradually 
passed away, and the tempei'ature assumed its 
present condition. Again, we know, from equally 
cogent evidence, that the British islands formed 
|X)rtions of the continent of Europe, both before and 
after the Glacial Epoch ; and that Sou them Exiroj>e 
and Northern Africa wore also joined together by 
land; so that the migratory birds, as in North 
America at the present day, might have journeyed 
over a continuous land-area fivm Scotland to the 

* In connection with birds, the Cliff Swallow of Noith 
America is said to have extende<l the easterly limit of its 
migrations from the Kocky Mountains to the east coast within 
the last century, 

t The reader is referred to “ A Highland Glen,” p. 33, for an 
dcoount of this Glacial Epoch. 


Atlas Mountains. At length, changes of level took 
place, which eventuated in the pi-esent physical 
features of Europe and Africa, Now, what do these 
data suggest in connection with the histoiy of the 
migratory movements of birds] They indicate^ 
Firstly^ that the summer retreats and breeding- 
grounds of our migratory binls may have been the 
peimanent homes of their ancestors during the 
genial climate of the Miocene period. Second ! that 
as the cold gradually set in, so they retired; at 
first, just as many of the birds of the Orkney and 
Shetland Islands now seek our southern shores in 
mid winter ; but as the cold increased, and vast 
cons passed away, tliey ivtreated still further south 
over continuous areas, even to their jiresent limits. 
Thlnlly^ as the Glacial Epoch began to tlecline, so 
they advanced, and whilst Ireland was gradually 
sepamting from Great Biitaiu, and tlie latter from 
the (Continent, and the Stniits of Gibraltar and the 
great Inland Sea were forming, they still con turned 
their comings and goings, year after year, for un- 
reckoned ages. From tliis point of view what is 
called tlie “instinct” of migration a]q)ears to be 
nothing more than an inherited haliit which has 
become modified to tlie extent (‘xhibited by our 
native birds in consequence of tlieir adapting 
themselves to circumstances ; whilst such as the 
Swallows, and other purely insectivorous birds, 
liave no alternative than to retire when their food- 
supplies fail them. This hypothesis, moreover, 
explains the tendency to migrate southwards in 
many resident birds, ami also the general disjiosition 
to return to their ancient haunts in spring. Now,, 
although these are supjiosititious \dews, tlioy rest on 
a 2)latform of facts. It is true that extremely few 
birds of existing 8|)ecies have hithei’to l>een dis- 
covered in strata belonging to either the Miocene 
or Pliocene periods ; but relics of sev^eral living 
qiiadnqxjds show that tliey sojoumed in the British 
islands before the Ice Age. So that, if they wei*e- 
enabled to survive by migmting southwards, how 
much easier would it have been for the feathered 
denizens to have done the same ! 

This attempt to explain the jihenomena of uhe 
migratory movements of birds by having recoui’se 
to the records of former conditions of land and 
climate in the regions they now frequent, is a 
striking illustration of the value of a knowledge 
of the jiast changes of the earth’s surface in 
elucidating phenomena occurring around us ; 
and whether or not they solve the diiflcultioa 
of the case, no one can fairly dispute their sig- 
nificance. 
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THE MAINSERING OF THE CELESTIAL MECHANISM. 

By Hichaud A. Proctor. 


C opernicus hiul shown that the movements 
of the planetp can be much more simply ex- 
plained by supixising that the sim is the centre 
round which Ihjy and the earth all travel. But 
liis theory was by no means so satisfactory as many 
who have wiitten on this subject seem to imagine. 
It is supposed that his theory at once swejit away 
ail the epicycles and eccentrics of the older or 
Ptolemaic astronomy. If tliis had been so, the 
theory would probably even in his own day have 
found ready accejitance. But this was far from 
being tlie case. T need not liere consider tJie 
vai’ioiis d<‘tails which the Co])evniean system failed 
to explain. Let it suftice that they were many. 
Starting with the idfa that all the celestial move- 
ments were of necessity eiveular and uiiiforni, and 
that whatever })eculiarities of motion apjieared were 
due only to peculiarities in the combination of 
vaiious uniform circular movements, Copernicus and 
his first disciples naturally failo*! to exjdain move- 
ments which we now know to take place in non- 
circular paths, and with variations irreconcilable 
with any system of subordinate cyclic motions. In 
fact, Copernicus was able to throw on one side the 
principal set only of subordinate cycles”; all the rest 
were as necessary to liis system as to that of Ptolemy. 
And the difficulties which exact obseivation had 
intrcaluced — difficulties which before liis time had 
midcred the Ptolemaic system unsatisfactory to 
mathematicians -in reality affected liis system quite 
as much as the Ptolemaic, and must in the long run 
have comiielled astronomei’s to reject it as advanced 
by Coiiernicua himself. 

When we add to this consideration the' circum- 
stance that Tycho Bmli4 — one of the greatest 
obseiwational astronomers the world has known — 
rejected the Coi>ernican theory, we must admit that 
it would jirobably before long have been forgotten, 
like some older attempts to set the sun at the centre 
of the solar system, had not an entii*ely new series 
of arguments been adduced in its favour, or rather 
in favour of the theory that the sun and not the 
earth is the centi*e of the solar system. 

Copeniicus, like all astronomei’s who had pre- 
ceded him, had tried to find out what the actual 
motions of the planets are. The astronomers who 
now took up the subject trie<l to find out how these 
motions are brought about. He had endeavoured 


to ascertain what is the mechanism of the heavens, 
as one studying a clock or machine might endeavour 
to find out how tho vanous wheels, pinions, teeth, 
and so forth, are related together. Astixmomers 
now began to look for the mainspring of this 
mechanism, a.-s one who had noted the connection 
of the various pirts of a clock or machine might 
try to find out by wliat po'Acr these parts were 
set ill motion. 

The iiKpiiry from this time want on upon two 
jiarallel lines. If Copernicus had indicated the 
exact nature of the planet's motions, men could have 
set to work at once to determine how tliese motions 
might be jnoduced. As ho had not done this, it 
wa.s necessary now, while inquiring into the probable 
cause or causes of the celestial motions, to ascertain 
more ]>recibely what these motions aie. Kepler 
undei-took this jiart of the work. He tried a 
number of oombinatious of ciicular and uniform 
motions, and comiiaved the observed motions of the 
planets as seen from the earth, with iliose wliich his 
calcidations showed would be the result of such 
combinations. Tycho Biiihe had erected an ob- 
servatory at Uraniberg with tlie express object of 
collecting observations to overthrow the C'ojiernican 
theory. These lie left in his will to Kejiler, 
enjoining only that they sliould not be employed to 
establish this theory. Kepler, however, disregarded 
this injunction. Selecting a scries of observations 
of Mm*s from among the mass collectc'd by Tycho 
Brah6, he compared them one after another with 
his calculations on various epicyclic theories. Mars 
was s])ecially well suited for Kejiler’s ])ur}K)se. It 
is our nearest neighbour among the sujierior jilanets 
(or planets farther from the sun); and it moves in a 
very eccentric orbit, the greatest and least distances 
of Mars from the sun being, resjiectively, 153,000,000 
and 127,000,000 miles. On l»oth accounts it was 
easier to test various theories of this })lanet's motion, 
than it would have been in the case of any other 
member of the sun's family. 

One theory after another was tried by Kepler 
and Injected. After many yeai’s of such labours, 
having exhaustetl the combinations of circular and 
uniform motion, he tried the ellipse for the form of 
the planet's ]mth, and several theories of varying 
motions in such a path. At last, ho discovered a 
law of motion in an elliptic path which fitted in 
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exactly with all Tycho’s observations of the planet 
Mars. An ellipse, as A B a' b' (Fig. 1), besides 
having, like the circle, a centre (r) such that every 
chord tlu*ough c is divided in half at c, has also two 
important points, a and H, called /oc?, so situated 
that the sum of two lines (a p h) to any point (p) on 
the curve is equal to the longer axis A c a' on which 
also these points s and h lie, at equal distances from 
c. From this pro|)erty is deiived a familiar (though 
not very convenient) method of tracing an ellipse : 
for if at s and h there are two pins, and a fine 
inextensible stiiiig (s P h) be passed round these 
pins, a pencil i)oint so moved as to keep the string 
stretcliefl to its full length, as shown at p and p', 
will trnco out an ellipse. Now Kepler found — first, 
that Mara descrilies an ellipse as a B a' b' about the 
sun situated at one focus as a ; and, secondly, that 
the rate of the planet’s motion varies in such sort 
that equal surfaces ai’e swept over in ecpial times 
by an imaginary line from the sun to the planet. 
The seconfl law may 1)6 thus illustrated : suppose 
that p p' is a part of the orbit of Mars traversed in 
the same time as the part p p' ; then if the sti*aight 
lines 8 P, 8 p', Sj^', s p are drawn, the surface P s p' 
is e(iual to the sinface p s p'. This is true whether 
p p' and p j/ be large or small. 



Fig. 1.— IlluBtratiug the Nature of the Ellipse, and of a Planet’s 
Motion in this Curve 

Testing tliese laws by the observed motions of 
the other planets, Kepler found that both laws are 
strictly fulfilled. The earth’s motion around the 
sun, he found, fulfils also these laws. He therefore 
was able to onunciate confidently his two fir.st laws. 

Kepler's First Law , — Each planet moves in an 
ellipse around the sun, which is situated in one 
focus of that ellipse. 

Kephr's JSecon/i Lav \ — A straight line extending 
from the sun to the centre of a planet sweeps over 
pqual surfaces in equal times. 

These laws, os ad vn need by Kepler, were both 
Ji^hat is called empirical. They coiTes|)onded with 


observed facts ; but there was no reason known to 
him why the jdanets should obey these laws. Nay, 
it was not absolutely proved even that these are the 
true laws. Kepler had no means of assuring himself 
of the relative distances of Mara at different obser- 
vations, and it was possible (so fai- as he knew) that 
the planet was sometimes nearer, sometimes farther 
away than it should be if stnctly fulfilling this law. 
A bird might fly in a uniformly curved path so as 
to seem to follow the moon’s track across the sky, 
or ho might fly on an irregular real path, now 
approaching the observer, anon receding to a great 
distance, yet always so moving a«s to seem to trace 
out the same path as in the former case, and at the 
same rate. All Kepler knew for cei^tain was that 
if the planets’ i*cal paths wei-e such as his two laws 
indicated, the apparent course of each planet would 
correspond with observation. Rut it was so utterly 
improbable that this exact agreement should hold, 
unless the two laws were the true laws of planetaiy 
motion, that Kepler was able very confidently to 
announce them as such. 

And now he went a step farther. The two laws 
above stated apply severally to each planet. But 
he noticed signs of a certain harmony among the 
movements of all tlio planets — that is, of the 
planets as fonning a family. 

He selected, after sundiy trials of other relations 
which need not here be considered, the periods in 
which the planets severally complete their circuits 
and the relative mean distances (e a or c a' of 
Fig. 1) at which they severally travel around the 
sun. Let us set these down in order as known to 
Kepler, putting the earth’s distance as unity, and 
also putting the earth’s period — one year — as unity. 
The reader who does not hapi)en to know the actual 
relation between the distances and the periods as 
thus shown, will find it a useful exercise before 
reading what follow's, to see whether he can i)erceive 
the law which harmonises these sets of numlxjrs 


Mpr* 

lUlJ 


IVmiiB 


Tilt* 

Earth. I W^**^** 


tin 


Saturn 


Distances of the Planets ) 
(earth’s distance, l)S 
Periods of the Planets) 
(earth’s period, 1) > 


0i)87 0 728 
0-241 0*015 


1-000 

1*000 


1*524 5*203 
1*881 11*862 


9*539 

129*407 


We see at a glance that the periods vary at a 
greater rate (to use a somewhat inexact expres- 
sion) than the distances. But in reality we need 
not consider the entire sets of numbers at first, 
seeing that if there is a law it will probably show 
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itself in the case of any paii* of planets we choose 
to consider. Take, for instance, the earth and 
J upiter. Having expressed both the distance and 
the period of the earth by unity, we have, in fact, 
only the two numbers 5*203 and 11*862 to examine. 
The law of harmony, if it exists at all, ought to 
show itself in these two numbers. As Kepler very 
soon fell upon the notion that harmony exists 
among the “ powers ” of such numbers, he ought, 
one would suppose, to have at once detected the 
law ; for 11*862 is greater than the first power of 
5*203 (that is, than this number itself) and less than 
the second power or the square of 5*203 (27*071). 
The natural course, therefore, would now be to try 
a power half-way between the 1 st and the 2nd, or 
the power ]. The way to do this is to take the cube 
or third ]K)wer of 5*203, getting 140*851454, and 
then to take the sifuare root of this number, 11*868. 
This is very n(‘ar to 11*862, and would have been 
nearer if, instead of 5*203, I luwl taken the true 
distance, 5*202708, which I did not do because of 
the long numbers which would have come in. Here, 
then, is a relation between the distances and i>eriods 
of the earth and Jupiter. If only the same relation 
is found to exist between the distances and periods 
of the other planets compared in the same way i^nth 
the earth’s, we shall know that this is a law 
harmonising the entire system of j)lanets. But 
this is found to be the case. If any one of the 
niiml)ers in the top row, or row of distances, is 
cubed, and the squaix) root of the resulting number 
taken, this square root will be found to bo identical 
with the corresi>onding number in the lower row, or 
row of jwriods. Or otherwise, if two numbei*s in 
the same vertical column be taken, it will be found 
that the cube of the upi)ei* is equal to the sipiare of 
the lower. 

This is the simplest way in which the relation 
called Kepler’s third law can be expressed and 
illustrated ; and I have always found it convenient 
to pi*esent the law in this way. The more usual 
way, which, of course, really implies precisely the 
same law, is as follows : Take any two planets, as 
the earth and Jupiter, and write down their dis- 
tances fi'om the sun (in miles, say), and their periods 
(in days, say) thus : — 


two lower numbers squared, the four numbers 
thus obtained will form pro^iortion, thus: — ^ 
As the cube of 91,430,000 is to the cube of 
475,692,000, so is the square of 365*2564 to the 
square of 4332*5848, a result which the reader 
will find true on trial. 

Kepler somehow failed at first to see that the 
law was fulfilled, even after it had occurred to him. 
Two months and a half elapsed, through some en*or 
in his calculations, before he recognised the truth of 
the law. It may be thus expressed *. — 

Kepler's Third Law , — The squares of the j)eiiodio 
times of the planets vary as the culies of tlieii* mean 
distances.^ 

These three are the laws acccnling to which iho 
planets, including our own earth, actually move 
ai*ouud the sun. Each planet traces out its proper 
ellipse, with a velocity varying according to the 
second law, and the movements of each planet are 
so related to the size of its elliptic orbit, as to biiiig 
all the members of the family under the third law. 
When Jupiter’s moons were discovered, it was found 
that they also move in accordance with these laws. 
So far, indeed, as the third law is concemed, we 
cannot compare the path and period of one of these 
moons with the path and period of a planet around 
the sun ; but the path and j>eriod of one of Jupiter’s 
moons, compared with the path and period of 
another, accord with the third of Keplei*’s laws. 

Here, then, if we only know the laws of motion, 
we have a means of finding out the mainspring of 
the celestial mechanism. Wo know how the planets 
move. If we can only determine under what 
forces or impulses bodies would so mov(% we must 
be guitled pi*e8ently to the recognition of the centi’es 
where such forces reside. 

While Kejder had been thus determining how 
the planets move, another great rcasouer- --Galileo 
— had been inquii*ing into the laws according to 
which bodies move under the action of forces of 
diffei'ent kinds. 

It seems strange now to consider* how vague (and 
incorrect where not vague) were men s notions three 
centuries ago, about the laws of motion. Thus, 
even Galileo for a long time did not ai*rivo at the 
simple conception that if a body is at rest it will 


Earth’s. 
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91,430,000 47o, 692,000 

365*2564 4332*5848 


then, if the two upper numbers be cubed, and the 


♦ It will readily be found that, as a result of the third law, 
the mean velocities of the planets vary inversely as the square 
roots of their mean distances from the sun. It has occasionally 
happened that this law, which is a direct consetiuence of 
Kepler’s third law, or indeed, practically equivalent to that law, 
has been re discovered indei>endently by students of astronomy, 
and has been regarded with some complacency as a new law. 
whose recognition should immortalise the discoverer. 
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remain at rest, and if it ih in motion it will continue 
to move in one direction with unchanging velocity, 
so long as no force acts upon it. He thought the 
only kind of motion which would continue un- 
changingly was iinifoi’m niotion in a circle. Presently 
he noticed, however, that in eveiy case of such 
motion, wdiether of a fluid whirling round inside a 
smooth circular vessel, or of a ball swinging in a 
circle, tlnu'o is always somt^ cause at work to deflect 
the moving matter or body into its circular path. 
The moiucMit this cause ceases to act, as when the 
inclosing sides of a vessel containing a revolving 
fluid burst, or when the string by which a hall is 
swung round, breaks, the matter or body which had 
been moving in a circle flies ofl’ (or at any rate 
>)egins to fly ofl) in a sti-aight line — viz., in the 
direction of a tangcuit to its former course at the 
point where the matter or body was reletised. 
Further considiU'ation soon led him to recognise and 
enunciate the 

First Law of Motion , — A body if at rest will 
remain at rest, or if in motion will move in a straight 
line with uniform velocity, unless it is acted on hy 
some oxtiiiiieous force. 

Galileo next impiired whether a force acting in 
any direction upon a moving body produces the 
same effect as on a body at rest. Many experiments 
seem at a fii*st view to suggest that this is not tlie 
ciise. If, for instance, a ball moving swiftly along 
in a given direction is struck by a bat moving in 
the same direction with a given gi*eater velocity, 
the additional velocity communicated to the ball is 
less than the velocity communicated to a ball at rest 
by a bat moving in the same manner. The moving 
ball is, so to s])eak, yielding before the advancing 
bat. And here precisely we [icrceive why such an 
exi)eriment does not pi'ove that a force exerts more 
or less force on a body at rest than on a body in 
motion ; for we see that the moving ball is not 
acted upon by so i)ow(uful a sti’oke as the ball at 
rest, and this alone may bo the reason why a 
smaller addition of velocity is imparted to it. A 
number of other experiments, free from objection, 
show that a force produces precisely the same eflect 
on a moving body as on a body at rest. These 
experiments are familiar, and belong rather to 
general mechanics than to the mechanism of the 
heavens. It is, however, important to notice that 
in one series of experiments — those relating to 
falling bodies and to projectiles, Galileo dealt with 
terrestiial gravity, and thoroughly investigated the 
nature of its action. It is altogether a mistake to 
oppose that Newton was the first to recognise the 


nature of gravity in this resiJect— that is, in its 
action on projectiles and falling bodies. We owe, 
then, to Galileo, the 

Secoml Law of Motimi . — The effect produced by a 
force acting upon any body is the same, both in 
direction and in amount, wliether the body is at rest 
or in motiom 

Lastly, a greater mathematician than either 
Kepler or Galileo established yet another general 
law of motion. The two laws just stated relate to 
the action of foices on a particular body. It is 
nc'cessary to have the means of comparing together 
the forces affecting different bodies — ^bodies con- 
taining unequal quantities of matter. Newton 
showed by a numljer of experiments, carefully 
reasoned upon, that if a given force communicates 
to a certain mass of matter a certain velocity 
in a given time, a force which shall in the same 
time communicate an e(pial velocity to another 
mass larger or smaller than the former mass must 
be ill the same degree greater or less than the 
former force. In other words, two forces (/ and p) 
which in a given time communicate equal velocities 
to two masses {m and m), must be related to each 
other according to the following proportion : — As the 
force/is to the force F, so is the mass in, to the mass m. 

The third law has been variously expressed. 
Some v^ritei’h simply state it thus: ‘‘Action and re- 
action are equal and oiiposite.” This is the way in 
which Newton expressed the third law in his “ Prin- 
cipia,” but in reality be so expressed the second 
law as partly to include what is now considered the 
third law, and it is only when this is done that the 
above method of stating the law is siiflicient. Tlie 
best way, j)erhaps, of stating the law here will be as 
follows : — 

Third Law of Motion . — When a ferce acts on a 
body, the total (quantity of motion communicated 
is proportional to the force so acting. 

Now let it be noted tliat while these three laws 
enable us to determine what will be tlie eflect of 
sucli and such forces acting on bodies of such and 
such mass, and moving in such and such a manner, 
they also enable us to leam from the observed 
changes in the motions of moving bodies the nature 
of the flirces which have acted upon those bodies. 
It was in fact by ajqdying the laws in this way 
that Newton ascei*tained where the forces reside 
which guide the motions of the heavenly bodies. 

In the first place, since the planets do not move 
in straight lines, but are constantly changing the 
dii*ection of their motions, we see from the first 
law of motion that some force must be constantly 
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acting upon them. Thus, let a b o be part of the 
eurv^ path of a planet around the sun s, and for 
the moment regard the path as circular. When 
the planet is at b, it is travelling for the moment 
in the direction B T, a 
line touching the circle 
A B c at B) and it would 
continue to travel in 
that straight line unless 
a force acted upon it. 
By the second law, again, 
we can tell the direction 
in which the force has 
acted which has made 
the planet leave the 
tangent B T. The planet 
moves in the path B c, 
deflected from B T to- 
wards the side on which s lies ; and therefore the 
force deflecting the body must have been directed 
towards that side of B T. Observe, I do not say 
towards the point s itself, as yet. 

And here, in passing, let me correct a very com- 
mon error, arising from the inexact way in which 
these matters are too often dealt with. It is quite 
commonly supposed that a planet moving in such a 
path as A B c is under the influence of two bal- 
ancing forces, one towards s, called the centripetal 
force, and the other from s, called the centrifugal 
force. If we consider the motion of a planet over 
any i)art of its path, without any supposed know- 
ledge of the force acting on the planet, but judging 
only of the direction in which such force acts 
by the way in which the planet behaves, we see at 
once that the force must be towards the centre. 
The planet b moving at the moment towards T, is 
found, after a short interval, at c, instead of t, where, 
if not acted on by any force, it would have been. 
It has then been deflected in direction t o towards 
the side of b t on which s lies. There is, then, no 
centrifugal force acting on the planet, but always a 
force towards s.* We need, in fSeiot, consider only 
this : that if a body at b, moving so that it would 
reach t in a certain interval of time, receives an 
extraneous impulse whose action causes the body 

• The expreiwion ** centrifugal force ” used by Newton cor- 
rectly according to hii own explanation of the word force— 
which made inertia a force— would only be oorrecidy applied, 
according to the modem nee of the word force, if Qalileo’e 
flrtt notion, that bodies not acted on by any force would move 
uniformly in a circle, were correct So soon as we recognise that 
a body not acted on by a force will move uniformly in a straight 
line, we see that a body which leaves the straight course must 
be acted on by a force directed towards that side on which 
the body is deflected from its former stniidkt oouiBe. 
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to be found at c at the end of this interval, 
then, drawing c m parallel t b, b m represents 
this impulse in direction and magnitude on the 
same scale on which b t would represent an 
impulse competent to give the body its motion in 
direction b t. We know from the observed couise 
of the body that no force which would have to l>e 
represented by such a line as b n has acted at all 
upon it. In other words, from the observed 
motion of a planet at every point of its orbit, we 
know that no centrifugal force has acted on the 
planet. 

Next, Newton showed that Kepler’s second law 
indicates the sun as the centre of force deflecting 
the planets constantly from the tangent to their 
paths. To prove this, he was obliged to adopt the 
device of imagining the continuous action of the 
sun changed into a succession of impulse following 
each other in very 
rapid succession. Sup- 
pose a planet at A (Fig. 

3) is travelling at the 
moment in the direc- 
tion A T, and suddenly 
receives an impulse 
from the sun s which 
would bring the planet 
to M in the same time 
in which, if undis- 
turbed, it would travel 
to T. Then we know 
that A B, the diagonal 
sides A T and a m, will be the actual course of 
the planet. But the triangle a b s has a surface 
equal to that of the triangle ATS, because they 
are of equal height on the base as. So that 
the impulse exerted towards s has not affected 
the area swept out by the planet around 8. In 
the next equal small interval of time, again, 
the planet would move on to t, such that b < is 
equal to a b, thus sweeping out the surface b s ^ 
equal to b s A. . But if suddenly pulled towards s 
in such a way that it would traverse a distance b m, 
in the same time which would carry it undisturbed 
to t, its actual course will be B c, the diagonal of 
the parallelogram having t b and b m as sides. 
And we see that the triangle B a c is equal to the 
triangle b s ^ ; or ogam, the area swept out around 
8 is unaffected by the impulse towards s. It is 
obvious that if the impulse were not towards s 
the area would be affected. If M lay on the same 
side of A s as T, T B, parallel to A m, would not be 
parallel to a s, but would give a triangle (a b s) 




$ 


Fig, 8.— Showing how the Son is 
proved to be the G^tre of 
attractive Force bj which the 
Flanets are govern^ 


of a parallelogram having 
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greater than A t s ; and the reverse if m was on the 
other side of a s. Since, then, wo observe that 
each planet constantly sweeps out equal areas 
around the sun, we know that the force acting on 
the planet must be constantly dii’ected towards the 
sun. Nor is the validity of the reasoning at all 
affected by substituting for the constant action 
of the sun a succession of very swiftly-succeeding 
small impulses. For just as a' curved line may be 
represented by a great number of very small straight 
lines as closely as we please, and theoretically so 
closely that no fficiilties we possess would enable us 
to distinguish the line thus made up from a true 
curve, so it is clear that a multitude of swiftly- 
succeeding small impulses will produce effects so 
closely corresponding to those of an absolutely con- 
tinuous force, that no faculties we possess would 
enable us to distinguish one set of effects from the 
other. 

Having thus shown that the planets must be 
under the action of a force residing in the sun, and 
the moons of a planet under the action of a force 
residing in that planet, Newton next inquired 
according to what law such a force must act to ex- 
plain the actual shape of the paths followed by the 
planets (as shown by Kepler’s first law), and also 
to explain the relation indicated in Kepler’s third 
law. 

At first, however, ho contented himself at this 
stage — not fully perceiving yet how great a discovery 
lay before him — with showing that if the planets’ 
paths be regarded as circles described at the planets’ 
mean distances, then, if the sun’s attractive force 
diminishes as the square of the distance, the third 
law of Kepler would be fulfilled. By a force 
diminishing as the square of the distance, is meant 
a force which, if represented by p at a certain dis- 
tance, is reduced to one-fourth of F at twice this 
distance, to one-ninth of F at three times this 
distance, and so on; or, more generally, if represented 
by F and f at distances d and (f, then p is to / as 
the square of c? is to the square of d. What New- 
ton showed at this stage of the inquiry was, that if 
the sun exerts a force va lying in this way with dis- 
tance, then a family of planets travelling in circles 
around him must have rates of motion so diminish- 
ing with distance that the periods and distances are 
related in the manner indicated in the third law of 
Kepler. 

It is possible that these inquiries, and the further 
much more difficult inquiry, whether a planet not 
fiioving in a circle round the sun so attiucting, 
would move in an ellix)se, might have remained 


matters of interest only to a feyr mathematicians 
but for the momentous discovery now made by 
Newton. Halley, Wren, and Hooke had accom- 
panied Newton (perhaps even anticipated him, 
though this is not certainly known) thus far. 
Halley and Wren had also tried to prove that a 
planet would travel in an ellipse round the sun if 
his attraction diminishes inversely as the square of 
the distance, but they had both failed. Hooke 
said he had solved this problem, but would keep 
back his solution till others, failing, acknowledged 
the difficulty of the problem ; but doubtless Hooke 
had really failed. Newton solved the problem, but 
laid aside the solution till Halley, by oj^oning the 
question, recalled his attention to the subject. 

But now it so chanced that Newton was led 
to inquire whether the familiar force of gravity 
which acts on bodies at all attainable heights above 
the earth’s surface, may not extend to the moon, 
and be the force which guides her in her orbit round 
the earth. Sui)po8ing this force to reside at the 
earth’s centre ; then a mass on the surface is about 
4,000 miles from the centre of force ; while the 
moon is about sixty times as far from that centre ; 
so that the force, reduced as the square of the dis- 
tance is increased, becomes at the moon about 
l-3600th part of gravity at the earth’s suiface. 
Now, the actual force exerted by the' earth on the 
moon is readily compared with the familiar force of 
gravitation by noting how much per second (or in 
any very short time) the moon is pulled towards the 
earth’s centra The circumference of the moon’s 
orbit is 1,296,000 miles ; and in one second she 
moves half a mile. K B t, in Fig. 2, represent half 
a mile, and b s the moon’s distance from the earth, 
or about 240,000 miles, it is easily calculated that 
T s is about l-230th of a foot longer than B s ; T c, 
then, the amoimt by which the moon has been 
drawn earthwards in a second, is about 1-2 30th of 
a foot. This, increased 3,600-fold, is about 16 
feet — the distance which a body at the earth’s sur- 
face, if unsupported, falls in a second. Unfor- 
tunately, Newton employed incorrect measures of 
the earth — the same measures which led to the 
difference between the nautical mile and the 
common mile. The length of 1 -360th part of the 
earth’s circumference was supposed to be 60 miles 
instead of about 69 miles. Thus, instead of 
obtaining a result such as I have just indicated, 
which would at once have confirmed his idea 
that terrestrial gravity controls the moon’s motions, 
he found the moon’s fall towards the earth per 
second to be about l-260th of a foot only. He 
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at once gave up the idea : until, nineteen yeara later, 
hearing of Picard’s new measurement of the earth, 
he re-oxammed the question, and found that the 
moon’s fall earthwards per second is just what it 
would be if caused by the earth’s attraction di- 
minished, as compared with gravity at her surface, 
inversely as the square of the distance. It is said 
(though I fancy there can be no truth in the story) 
that as Newton found the figures tending to the 
desired end, he became so agitated that he was 
obliged to ask a friend to complete the calculations. 
A child could have done this part of the work, and 
Newton was not the man to bo reduced to childish- 
ness, even for a moment, at this time (1681), when 
he was in the prime of his wonderful jDowers. 

But now the secret of the mechanism of the 
heavens was disclosed. If the moon is guided by 
the earth’s atti*action in such a way as to show that 
this attraction diminishes as the square of the 
distance increases, and if, as ho had already shown, 
the moons of Jupiter and Saturn, as well as the 
planets in their courses round the sun, move in such 
sort as to indicate that tJveir respective centres 
exert attractive forces diminisliing as the square ot 
the distajxce increases, it is natiu*al to infer that this 
law of attraction really prevails among all the 
niemlxers of the solar system. As the earth controls 
tlie moon, so Jupiter and Saturn control their 
moons, and so the sun controls the earth and the 
other jjlanets. Thus the attractive power presented 
itself as a projxeity common to all these masses of 
matter, and therefore, probably, was to be i*egarded 
as a pi’ 0 ]>erty of matter itself, insomuch that it 
resides in bodies which fall to the earth as well as 
in the earth; in the moons of the earth, J upiter,and 
Saturn, as well as in those planets ; in the stars as 
well as in the sun. Moreover, if the true law of 
its diminution with distance was that of the inverse 
squares, then, though the attraction of any portion 
of matter would be enormously reduced at any 
great distance, it would never be reduced to evanes- 
cence, and thus every portion of matter, large or 
small, exerts an attractive influence on other matter 
even to the remotest depths of space. 

Several points had at once to be dealt with, how- 
ever, before this general theory of the mechanism 
of the heavens could be regarded as established. 

First, Newton had to show that if the earth’s 
attractive force reades not at her centre, but in 
eveiy portion of her mass, the attraction on bodies 
near to her, or far off from her, would be the same 
as though the entire force I’esided at the centre. 
This he was readily able to demonstrate, though not 


by reasoning which could be presented here. The 
proposition is, indeed, not atr ^Uy true. It would 
only be so if the earth werA a perfect sphere. But 
it is near enough to the truth to accord with 
observed phenomena. Indeed, the fact that a 
somewhat flattened globe like the earth does not 
attract, and is not attracted, precisely as though all 
its mass were gathered at its centre, leads to one of 
the most striking proofs of the theory of gravitation, 
by explaining the slow reeling or gyratory motion 
of the earth in a period of nearly 25,900 years, 
which causes what is known as the “ precession of 
the equinoxes.” Tlie sun, planets, moons, &c., Ixeing 
all either perfect spheres, or very nearly so, attract 
and are attracted either exactly as though their 
mass were collected at their centres, or so nearly so 
that the difference does not ajxpreciably affect the 
resulting motions. 

Next, Newton had to show that the elliptic 
paths traversed by the planets accord with the law 
of attraction, and moreover that Kepler’s third 
law, true for circular paths, would be true also for 
elliptic paths. This also he accomplished; but 
again the reasoning enx ployed is not such as could 
here be presented. A problem which had altogether 
foiled Wren, Halley, and Hooke, and which even 
Newton was not able to solve in a simple way, can- 
not, of course, be so simplified as to be presented 
without details such as mathematicians only could 
understand. 

Lastly came the most complex j)art of the de- 
monstration — a portion of the work which even 
Newton could only begin, and which even in our 
own time astronomers have not completed. If 
every portion of matter attracts every other, it 
necessarily follows that although any given planet 
would travel in an ellipse around the common 
centre of gravity of its own orb and the sun’s if no 
other bodies existed in space, yet as every one of 
the other planets exerts its attractive influence on 
this one, its motions must be in some degree 
affected. It must be drawn now a little on one 
side now a little on the other side of the path it 
would otherwise have followed ; it must be now a 
little hastened and anon a little retarded in its 
progress. So the moon in her circuit around the 
earth must be perturbed by the planets, and in still 
greater degree by the sun ; and so with the moons 
of Saturn and Jupiter. What had still to be shown, 
then, was that the motions of the planets, of the 
moon, and of the other satellites, are really affected 
in this way. Newton showed that the chief pecu- 
liarities of the moon’s motion, which before his 
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time had remained altogether unexplained, though 
noted, were caused by the sun’s perturbing influ- 
ence on the moon as she circuits around the earth. 
Since his time, the moon’s motions have been more 
thoroughly dealt with ; the perturbations of the 
planetary motions have been explained; perturba- 
tions detected by theory have been observationally 
recognised ; and lastly, as the crowning triumph of 
the theory that gravitation is the mainspring of the 
celestial mechanism, observed perturbations not 
explicable by the action of known members of the 
solar Efystem have been made to reveal the position 
of a before unknown planet. 

To sum up : Copernicus having simplified the 
theoiy of the solar system by setting the sun at 
the centre, Kepler examining the observed motions 
of the planets, discovered his three laws; — that 
the planets move in ellipses round the sun, which 
is in a focus of each ellipse ; that they sweep out 
equal areas in equal times round the sun ; and that 
the cubes of their mean distances are proportional 
to the squares of their periods of revolution. In 
the meantime, Galileo had discovered the two first 
laws of motion. Of these, the first showed that 
since the planets do not travel in straight lines, they 
must be under the action of some force or forces ; 
while the second law showed that since the planets 


are deflected constantly towards the centre round 
which they travel, they must be under the action of 
a centripetal force. Newton showed that the true 
centre of such motion must be the point round 
which equal areas are swept out by the moving 
body; the sun, therefore, is the centre of force 
governing the planetary motions, the earth the 
centre governing the moon’s motions, Jupiter and 
Saturn the centres respectively governing their 
moons' motions. He showed, also, that Kepler’s 
third law indicates that the forces exerted from these 
centres on the bodies moving round them diminish 
as the squares of the distances increase. Then he 
was led to inquire whether the force thus exerted 
by the earth on the moon may not be the very same 
force which causes the fall of imsupported bodies at 
her surface. Having found that this is the case, 
he recognised as the mainspring of the celestial 
mechanism an attractive power residing in matter of 
whatever kind; and after dealing carefully with the 
chief remaining details of the problem, he enunciated 
Tlie Lem qf Universal Attraction . — Every particle 
of matter attracts every other particle with a force 
varying directly as the product of the numbers 
representing their masses, and inversely as the 
square of the number representing the dista'nce 
between them. 


OPTICAL ILLUSIONS. 

By Conbad W. Cooke, 

Member of the Society of Telegraph-JSngtneere and Mectriciane, and of the Physical Society of London, 


I T is admitted by everybody that, of all proofs 
that can be adduced in support of facts, none 
are so convincing to a man as the evidence of his 
own senses. That which he has seen or heard or 
handled becomes fixed upon his mind as a reality 
far more vividly than it could be by any other kind 
of evidence. It is a proverbial expression that 
seeing is believing,” and the evidence of the ear, 
of the sense of touch, and in certain cases of the 
senses of taste and of smell, are hardly less con- 
vincing. All this shows the marvellous perfection 
of the various organs of sense through the instru- 
mentality of which the mind is msule acquainted 
with the outer world. 

The eye, considered as an optical instrument, is 
of extraordinary perfection and adaptability to the 
purposes for which it is employed ; it combines in 
itself the instruments known as the telescope, the 
microscope, and the camera obscura, and it has in 


addition the property of automatically adjusting 
itself to the continually varying distances at which 
objects are presented in succession before it ; in 
other words, the focussing of the eye to insure 
clear vision of objects at different distances is, 
except in certain special cases, an almost involun- 
tary act. If we look at a landscape through a 
window, it is perfectly easy to obtain in succession 
a dear view of the distant horizon or of the window- 
bars which are close to the eye ; and, apart from the 
exercise of the will or inclination to look from the 
one to the other, the mind is not cognisant of any 
effort by which the focus of the eye is adjusted for 
the longer or the shorter distance. But just as it 
is necessary for a photographer to alter the position 
of his lens to obtain upon his sensitised plate a 
clear image of objects placed at different distances 
&om his camera, so it is necessary for an adjust- 
ment to be effected within the eye when it is 
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directed to objects nearer or farther off. The human 
eye, a vertical section of which is shown in Fig. 1, 
is in fact a little camera which, by means of lenses 
and optical contrivances (identical in principle with, 
but far more perfect than, those employed in a 
photographic instrument) forms upon a sensitive 
film an image of objects to which it may be directed. 
This sensitive film (corresponding to the prepared 
collodion of the photographer) consists of a mem- 
brane at the back of the eyeball, traversed by a 
system of nerve-filaments of extraordinary delicacy 
and sensitiveness, so interlaced as to form a net- 
work, which is in consequence called the retina. 
Upon this network of nervous matter is thrown 
by means of the lens a minute inverted image of 
whatever objects the eye is dii’ccted to; and the 



PifiT. 1.— Section of the Human Eye, 

(a) Bderotlc, {&) Olioroid Menibrano or Uvoa; Cr) Rotlna; (d) Hyaloid 
Membrane; {e} Vitreous Humour: (/) Cornea; (ff) Agueous Humour; 
Optic Nerve; (f) Iris; (A;) Crystalline Lens; (mand ») Muscles by wlilcb 
the Eye is moved ; (o) Eyelid. 

phenomenon of sight may be defined as the reading 
of the telegraphic message which the retina trans- 
mits through the optic nerve to the brain descriptive 
of the image that is falling upon it. But, while 
this message is, in a healthy state of the eye, always 
correctly transmitted by the retina, and is almost 
always correctly interpreted by the brain, the pro- 
verbial statement that seeing is believing” has, 
like every other rule, its exceptions ; and it is the 
object of this paper to bring before its readers a 
few of the most striking of those exceptions, which 
are known as Optical Illusions.” 

Every boy is familiar with the experiment of 
making a ring of fire in the air by swinging roimd 
the red-hot end of a burning stick. The luminous 
ring so formed is obviously an illusion, for it is clear 
that the light from the incandescent point can come 
fix)m only one position in its path at any one time. 
It cannot be at the same instant at both ends of 
the diameter of the circle, and yet the eye can 


detect no break in the continuity of its path. This 
experiment is a simple and cl iracteristic illustra- 
tion of a large class of opticll illusions, which result 
from a very necessary property of vision, which is 
called the persistence of visual impressions on the 
retina ” — ^that is to say, an object placed befoi*e the 
eye and suddenly removed, is seen for a certain ap- 
preciable time after its removal. This peraistence of 
the image on the retina. — or what is for practical 
purposes the same thing, the impression on the brain 
of a persistent image — facilitates the exercise of 
sight; it gives time to the mind to take in the 
message, and to interpret its meaning. Were it 
not for this property, the eye in the act of reading 
would be compelled to rest for a longer period on 
each word" to enable the mind to understand it, and 
by the necessary and involuntary act of winking the 
eye would be plunged into darkness at eveiy few 
seconds. The time that this impression lasts has 
been variously estimated at from one sixth to one 
eleventh pait of a second, but it is very generally 
regarded as about one-eighth of a second. The 
explanation, therefore, of the luminous ring formed 
by a lighted stick is that the impression made by 
it at any one point of its course remains on the 
retina until it again reaches that j)omt. For the 
same reason, a vibrating string, such as that of a 
harp, or other musical instrument, appeal's as a flat 
transparent film filling up the space included be- 
tween the two extremes of its amplitude of vibra- 
tion. Similarly a red-hot cannon-ball fired at night 
apiiears like a long line of light or as a luminous 
stick travelling through the air in the direction of its 
lengtli. Were it not for this phenomenon of vision, 
some of the chief attractions of fireworks would be 
lost altogether; the rocket would have no fiery 
train, the catherine-wheel would exhibit but a 
shower of sparks, and the larger revolving ** set 
pieces ” would be but slightly more attractive. 

Upon this principle is founded a large class of 
optical toys, of which tlie following may be men- 
tioned as examples. The Zoetrope or ‘‘ Wheel of 
life” consists of a shallow cylinder of zinc or card- 
board, open at the top, and centred on a vertical 
axis, so that it can be rapidly rotated. The circum- 
ference of this cylinder is pierced at equal distances 
by a number of vertical slits through which the 
inner circumference may be seen when the instru- 
ment is in rotation. On the inside, and below the 
slits, is placed a strip of paper, having drawn upon 
its surface a series of pictures representing the 
different attitudes successively assumed by an object 
in completing the cycle of a given movement. Thus 
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a juggler may be depicted, in the act of throwing 
up and catching a ball, by say twelve drawings, of 
which the first six respectively represent the ball 
at various positions in its upward flight, and the 



next six at as many positions passed in its descent, 
the successive positions of the amis and body of 
the figure being similarly portrayed. When this 
series of diagrams is rotated in the zoetrope, and 
looked at through the rapidly moving slits, the 
efifect is that the pictures apjiear to be suddenly 
endowed with life, and if the phases be correctly 
drawn, the illusion is complete. A very ingenious 
modification of the zoetrope, brought out some 
years ago, is represented in Pig. 2. In this in- 
strument, to which the name Praxinoscope has 
been given, the vertical slits are dispensed with, the 
figures being seen in succession in a set of small 
mirrors arranged round the frustrum of a cone 
placed at the centre of and revolving with the 
drum carrying the figures. This is a great improve- 
ment upon the zoetrope ; for, on account of the 
substitution of mirrors for rapidly-passing slits, a 
much smaller iiercentage of light is lost, and the 
use of the instniment is unaccompanied by the 
unpleasant and fatiguing efiect upon the eyes, of 
which so many people complain with resiject to the 
older form. A candle or a small lamp is placed 
above the conical drum carrying tlie mirrors, for 
the purpose of illuminating the figures. 

Another optical toy depending upon the same 
principle is the Thaumatroi)e, shown in Fig. 3, which 
consists of a card, which can be rotated about its 
middle line by means of strings attached to its 
edge; if upon one side be painted the representa- 
tion of an object, sucli :as a horse, and on the other 
side be depicted a rider, when the disc is made to 


rotate, the man and the horse will be seen at the 
same time, and, if they be properly placed with re- 
spect to the axis of rotation, the man will appear to 




Fig. 3.— The Thaumatrope. 


be riding on the horse. The Phcnakistoscope, Anor- 
thoscope, and many others aro also modifications of 
the instruments which have been described. 

One of the most beautiful applications of the 
principle upon which the simple experiment of 
making ‘‘ a ring of fire ” is founded, is the method 
by which M. Lissajous analysed the harmonic com- 
binations of two musical notes, by the curve traced 
upon a screen by a spot of light reflected by mirrors 
attached to the tuning-forks, which vibrated in 
planes at right angles to one another. The curves 
so produced are known as Lissajous* Jigures^^' and 
aro of great beauty, which is due entirely to the 
optical illusion which gives to the spot of light the 
appearance of a continuous line illuminating the 
whole length of its more or less complicated path. 
The blending of colours, and other experiments with 
the well-known colour-top, are examples of the 
persistence of optical impressions on the retina. 

At the Plymouth (1877) meeting of the British 
Association, Sylvanus Thompson, Professor of 
Experimental Physics in University College^ 
Bristol, exhibited some very remarkable optical 
illusions, to which he gave the name “ Strobic 
Circles.” Tliese illusions depend portly upon the 
persistence of impressions on the eye, and partly 
upon the efiect of the movement of the optical 
image across the retina. If a set of concentric 
circles (Fig. 4) be drawn in black and white upon 
a card, so as to present the appearance of a black 
and white target, and the card be moved in circles 
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before the eye, the whole target will appear to 
rotate on its centre, the effect being heightened by 
the appearance of a hazy cross rotating in the 



Fig. 4,— Btrobic Circleu. 


same direction. This effect can be exi)lained by 
the fact that those portions of the black circles 
which are nearly coincident with the path of 
motion of the card, are not by that motion blended 
with the white circles, and therefore remain dis- 
tinct and clear ; while those portions of the same 
circles whose direction is perpendicular to the path 
of the card, become confused with the white spaces, 
and are rendered nebulous and indistinct. It will 
be found that if one of these targets be moved 
rapidly vertically up and down, the top and the 
bottom portions of the circles will l)ecomo hazy, 
while the parts to the right and left will be com- 
paratively clear; and, similarly, the effect will be 
reversed if the card be moved horizontally from 
right to left. When, however, the card is moved 
in a circular path, the position of the diameter 



Fig. S.—Strobio Circle Experiment. 


along which the circles are blended by the move- 
ment is continually changing, rotating with the 
rotation of the card, and then the whole figure 


appears to be turning on its central axis. In Fig. 
6, the effect of moving the f aru in a similar way is 
to give to the toothed wheel the appearance of 
rotating in the opposite direction to that in which 
the card is being moved. 

A very remarkable series of optical illusions is 
derived from the influence of neighbouring forms 
u|)on one another, either by making violent con- 
trasts, or by leading the eye to form an erroneous 
idea of form, size, or distance, by presenting a 
standard of comparison, whose tendency is to mis- 
lead. In illustration of this, let two pairs of per- 
fectly parallel straight lines be drawn — A B and 
u I) (Fig. 6). Outside a and b, draw two curved 
lines, or arcs of circles, having their concavities 
directed towards the j^arallel lines ; and outside 
c and D draw two curves, presenting their con- 
vexities to the lines. The effect of these curves 
will be to destroy the appearance of parallelism 



Fjg. 0.— Apparent Concavity and Convexity of parallel Lines. 

between the lines ; A and b apj^earing to be closer 
together at the middle than at the ends, and C and n 
appearing to bo more widely separated at the middle, 
and to be contracted at the ends. In this case, the 
eye unconsciously measures the distances be- 
tween the curved and straight lines at various 
points along their length, and is led to assume that 
the variation of distance is due to a variation in 
diiection of both, lines instead of only one. 

Lines drawn diagonally in alternate directions 
across parallel lines have the effect of destroying 
their appearance of parallelism. This phenomenon 
was firat pointed out by Zbllner. It will be noticed 
in Fig, 7 that the vertical lines, which are 2 )erfectly 
parallel, appear, by contrast with the diagonal hatch- 
ing, to be tapering in alternate directions. Fig. 8 
is on illustration of an illusion closely related to the 
last The lines c d and £ f lie in the same straight 
line ; but the effect of their being separated by the 
parallel straight lines a and b is to make E F appear 
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to be consideTably higher than the line c n -nrould 
be, if produced. 



Fig. 7. — Effect of Biagouals upon Parallel Lines. 


The effect of contrast upon the appearance of the 
relative size of objects may be shown by the follow- 
‘ » ing simple experiment : — Cut out two 

/ pieces of white cardboard, of the horse- 
^ shoe form shown in Fig. 9, taking 
care to make them in every respect 
exactly the same size. It will be found 
/j I that, when placed in the relative posi- 

/ 1 I tions shown in the figure, the lower 

Fig. 8. horsewghoe will invariably appear the 
larger, which can be proved to be a delu- 
sion by their being interchanged, when that which 
previously looked the larger will appear the smaller. 
This effect is no doubt due to the fact that, in the 



Fig. 9«->Apparent Difference in Siee between two exactly aimilar 
Objects. 

relative position shown in the figure, the widest 
part of the lower figure is in close juxtaposition 
to the smallest part of the upper figure ; and, 
as comparisons are always more striking when the 


objects compared are near to one another than 
when they are remote, the eye forms its estimate 
of the relative sizes of the figures by comparing the 
parts of each which are nearest together, and the 
result is in favour of the lower figure. 

A somewhat amusing illustration of the different 
estimates which the eye makes of the size of the 
self-same object in different positions may be 
made with an ordinary hat. Let a mental esti- 
mate of the height of a gentleman’s hat be made, 
when it is on somebody’s head, and let the person 
who has made that estimate draw a mark on the 
wall, at a height above the floor equal to what he 
thinks is the height of the hat. If now the crown 
of the hat be placed on the floor, with the brim 
against the wall, it will be found that the estimate 
is almost invariably too great, and that hardly one 
in twenty persons estimates within two inches of 
the correct height, some being as much as six 
inches out. 

The relative brightness or illumination of objects 
affects very considerably their apparent size ; light 
objects appearing larger than dark ones. Thus, 
if two equal-sized wafers — one black, and the other 
white — be placed side by side upon a table, the 
white wafer will appear to be considerably larger 
than the black one; and the effect is still more 
striking if the white wafer be placed on a black 
card, and the black wafer on a white card. Simi- 
larly, a white line drawn on black paper looks 
thicker than a black line of the same size drawn 
on white paper. If a branch of a tree, or a tele- 
graph-post, be seen with the sun^s disc for a back- 
ground, it will appear to be carved out on each 
side, so as to appear narrower in that portion of 
its length which traverses the disc of 
the sun, the light of the brilliantly- 
illuminated background appearing to 
encroach beyond its legitimate boun- 
dary (see Fig. 10). And if a much nar- 
rower object than the post be looked 
at, with the sun behind it, it will dis- 
appear altogether, the two portions of 
the sun encroaching the boundary so 
far as to unite and obliterate the 
object. This phenomenon may be 
observed by placing the eye so that 
the smaller branches or twigs of a 
tree, or the wires from the telegraph- 
post, traverse the sun’s disc, in which 
case they disappear as completely as they would 
if the sun were in front, instead of behind them. 
But perhaps the most striking illustration d the 
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effect of brightness upon the apparent size of an 
object, which is known as vrradiatim, may be made 
by the following experiment : — Let a fine platinum 
wire, stretched between two supports, be so ar- 
ranged that it can at will be rendered incandescent 
to whiteness by passing an electric current through 
it. It will be observed that a wire so small as to 
bo invisible a short distance off will, when glowing 
with incandescence, be rendered not only visible, 
but will appear as a thick wire or rod, capable of 
illuminating a small room. 

Prom the effects of contrast upon form and size, 
the mind is naturally led to its effect u 2 )on shade 
and colour. An object appears to be light when 
placed on a background darker than itself, and 
vice verad. Every observer must have noticed that 
the flakes of snow, while falling, look white against 
the background formed by houses and trees, but 
appear to be black when seen against the sky. The 
following is an intei'osting illustration of the effect 
of the close juxta|)osition of different shades of tone 
or colour : — Let a parallelogram (Fig. 1 1) be divided 



by vertical lines into, say, six compartments, having 
previously received a light wash of Indian ink. 
When that is dry, let the first five divisions receive 
a second wash of the same colour, the first four a 
third wash, and so on, each succeeding wash being 
taken over a number of divisions which is less by 
one than its predecessor. The first division will, 
therefore, have had six washes, the second five, 
the third four, and so on, down to the sixth, which 
will have had but one faint wash of tint. The effect 
of contrast in this diagram is most apparent, the 
stnpes appearing darker towards all their right-hand 
boundaries, being thereby contrasted with their 
lighter neighbours, and lighter towards their left- 
hand edges, where they are bounded by darker 
stripes. However evenly the colour may have been 
laid on, each division will appear to be shaded across 
its width from light into dark ; and it is only by 
covering up all the other divisions that the true 
appearance of a unifoim shade can be observed. 

The illusionary effects of colours upon one another 
form a very important subject to painters ; and the 
22 


gimt masters of colour, Paolo Veronese, Titian, 
and in more recent times T^rn^i? knew well how 
to use them to produce upon the eye of the spectator 
the effects intended to be portrayed. If a strip of 
red paper be placed against a strip of green paper, 
the brilliancy of both colours is heightened; the 
one supplies to the eye what the other lacks, and 
the fatigue which would bo caused by regarding 
one colour is relieved by the other ; so it is with the 
contrasted colours blue and orange and with violet 
and yellow; the coloui’s in each of these pairs 
together constitute white light, and are, for that 
reason, said to be compleynentary to one another, 
and it is the property of all complementary colours 
to heighten the effect of one another by contrast. 

If, however, a blue object be placed close to a 
yellow one, it will acquire a more violet hue, and 
the colour of the yellow object will incline towards 
orange. In looking at this contrast, the eye appre- 
ciates what is wanting in each colour to make up 
the constituents of white just in the same way as 
in comparing the lengths of two rods, placed side 
by side, one of which is a foot long and the other 
eleven inches, the eye is stnick rather by the last 
inch in the longer rod which is wanting in the 
shorter than by the eleven inches which are com- 
mon to both. Now, in order to biing blue and 
yellow to white, the blue requires the addition 
of yellow and red, and the yellow requires the 
addition of red and blue. But the effect of looking 
at blue is to dimmish the discriminative i)ower of 
the eye for blue light — in other words, to fatigue it, 
BO that other colours havt) a predominating eftect. 
The eye, therefore, after looking at blue, appi^eciates 
the coloui*s yellow and red, or theii* mixture, orange, 
and, after looking at yellow, is more sensitive to 
red and blue, which constitute violet. M. Chevreul, 
whose reseai’ches in this subject have been very 
extensive, constructed a table, in wliich the modifi- 
cations undergone by colours by being contrasted 
with other colours are recorded, and some of the 
results of his experiments ai'e most interesting. 

A more curious series of optical illusions in con- 
nection with colour comprises those that are known 
as accidental or subjective images. If the eye be 
fixed for a few moments upon a red wafer laid upon 
white paper, and then be suddenly turned to another 
part of the white ground, a spectral image of the 
wafer will be seen, but of a greenish tint. Similarly , 
a green wafer will produce a red image ; in fact, 
gazing at an object of any bright colour will cause a 
spectral imago of its complementary colour to appear 
when the eye is directed to another spot. Here, again, 
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the effect is produced by the flooding or fatiguing 
of tho eye by one colour temporarily destroying its 
power of appreciating that colour, and rendering it 
proportionately more sensitive to the remaining or 
complementary hues. The white ground may be 
looked upon as a mixture of all the colours, or, for 
convenience, of the primaries, red, blue, and yellow. 
If, then, after the sensibility of the retina for red 
has been diminished by gazing at a rod object, 
the eye be directed to a white surface, that por- 
tion of the retina which has been fatigued will 
see in the white ground only the blue and tho 
yellow, bein^ more or less blind to tho red, but tho 
surrounding poHions of the retina which have not 
been so fatigued will Ihj able to appreciate the white 
ground in its integrity. Thus the real image of a 
red wafer on a white ground is succeeded by a 
spectral image on a white gi'ound of a green wafer. 
In all these cases the brain notices just what con- 
stitutes tho difference between the colour of the 
object gazed upon and that of the ground upon 
which the spectral image Ls formed. An analogous 
illusion of another sense — the taste — will, perhaps, 
explain this phenomenon. A mixture of sugar and 
common salt will api)ear sweet to a person who has 
just tasted a solution of salt, but it will seem to be 
salt if sugar have been previously tasted. Here, 
then, is an instance of one and the same compound 
substance having apparently two distinct flavours, 
according as the organs of taste have been fatigued 
by one or the other of its constituents. This may 
be compared with tho colour experiment ; tho white 
corresponds to tho mixture, and the red and the 
green, its two sepamto constituents, to the salt 
and to the sugar. Sudden contrast will cause a 
mixture of rod and green to appear green after 
seeing red, and red after seeing gi'een. There are, 
however, instances of analogous illusions by con- 
trast in all the senses. 

At the meeting of the British Association, which 
was hold at York in the year 1844, tho late Sir 
Charles Wheatstone exhibited a very cuiious chro- 
matic illusion, to which he gave the name of 
‘‘Fluttering Hearts.’* Upon a greenish-blue groimd 
were painted in bright scarlet a number of hearts. 
When this was viewed in the brilliant light of a 
beam of sunshine coming through a hole in a 
shutter in an otherwise dark room, the hearts 
appeared to flutter over the paper, producing a 
very extraordinary and dazzling effect The ex- 
planation of this phenomenon must be sought in 
the inability of the eye to focus itself at the same 
moment for two colours of so great a difference of 


refrangibility as blue and red. We need not re- 
mind our readers that if a beam of light be passed 
through a prism it will be split up into its con- 
stituent colours, forming upon a screen a figure 
which is called a spectrum. Now, as this se|)ara- 
tion of the colours is due to some being more 
diverted than others from their original path 
during their passage through tho prism, it follows 
that a refracting instrument, such os a magnifying- 
glass, must bo focussed differently for different 
colours. The eye is such a refracting instrument, 
but althougli it possesses, as was pointed out in the 
beginning of this paper, a marvellous facility for 
adjusting itself in focus, yet some time must be 
occupied in making the change ; and in looking at 
the “ Fluttering Hearts ” diagram, a succession of 
adjustments and readjustments in focus for tho red 
and for the blue take place with great rapidity, 
giving a fluttering appearance to the hearts, and 
accompanied after a short time by a painful sensa- 
tion of fatigue. 

Deceptive impressions may be produced either 
from the want of magnifying power in the eye for 
small objects by which their structure could be 
detected, or from the want of power to discern the 
details of objects at a distance. Of the former, in- 
stances may be cited in tho white opacity of milk and 
the crimson appearance of blood. Both these animal 
fluids consist in reality of a vast number of ovoid 
bodies suspended in a clear and almost colourless 
medium ; and in the case of milk these bodies are 
almost as transparent and colourless as the medium 
in which they are suspended, but as the unassisted 
eye is not able to detect these minute bodies, the 
rays reflected from them and from the colouidess 
medium become so intermingled as to present the 
appearance of a homogeneous colour. If a circle, 
one inch in diameter, coloured in alternate 
straight stripes of red and blue, each about one- 
fiftieth of an inch in thickness, be viewed from a 
distance of a few feet, tlie distinction between the 
stripes will become entirely lost ; their colours will 
bo blended, and the disc will appear as if coloured 
by a uniform wash of violet colour ; if the stripes 
be wider, the same effect will be produced, but at a 
greater distance of observation. 

All the foregoing illusions can be observed equally 
well with one eye as with two ; but there is a very 
large and impoiiant class of optical illusions which 
depend upon the phenomena connected with bi- 
nocular vision, or the simultaneous use of the two 
eyes. A very amusing and at the same time very 
striking exjieriment is the following ; — ^Let a tube,- 
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about three-quarters of an inch in diameter, be 
formed by rolling up a sheet of writing-paper ; keep- 
ing both eyes open, look through the tube with the 
right eye, and with the other look at the ^mlm of 
the left hand placed against the side of the tube at 
a si)ot about the middle of its lengtL Tlie effect is 
almost magical, for the hand appears as if a hole 
of the diameter of the tube had been cut through 
it, through which objects may be seen ; and with 
this simple apparatus many interesting modifica- 
tions of the exi)eriment may be made. 

The well-known optical instrument, the Stereo- 
scope, has for its sole object the production of 
optical illusions of great beauty, and is too familiar 
to require any desenption. The principle of its 
action is derived entirely from the phenomena 
attending binocular vision. If a cube standing on 
a table bo viewed from different sides of the room, 
two diflerent pictures of it will be obtained, one 
taking in moi'e of the right-hand face, and less 
of the left, and the other more of the left-hand 
fiice, and less of the right. The same applies in 
a less degree to the appearance of objects when 
soon by one eye or by the other — a slightly dif- 
ferent view is obtained, the one letting in a little 
more of tlie one side, and the other a little more of 
the other; and it is by the union of these two 
views that the apj^earance of solidity is obtained. 
But, besides seeing to a certain extent round an 
object, there must be a difference of convergence of 
the axis of the eyes when looking at objects at 
different distances. This is apparent in the case of 
a man trying to look with both eyes at the point of 
his own nose ; the convergence in that case is so great 
as to be painful, and he is said to squint ; and as 
the distance of the object looked at increases, so the 
convergence decreases, but never entirely disappears. 
The diagram shown in Fig. 12 will make this clear. 


a.-.. 


(I*;® 




Fig. 12 .— T)i£ Bteraosoope. 


Let L and r represent the left and right eyes, 
respectively. If an object be placed at a, the con- 
vergence of the optic axes of the eyes will be equal 
to the angle a; if the object be removed to c, 
the angle of convergence will be reduced to the 


angle c ; and at any point (b), in ^ermediate between 
the two, the angle of convergence b will be larger 
than c, and smaller than a. 

Now, the stereoscope is an instrument which, by 
means of either prisms or reflectors, assists the 
eyes to combine pairs of dissimilar pictures, so as to 
convey to the mind the impression of only one view ; 
and as the two pictures so combined represent the 
object seen by tlie two eyes respectively, the com- 
bination produces in the brain the impression not 
ef two flat pictures, but of one solid object in relief. 
In order to heighten the effect, 
in preparing the pictures, the 
distance between the eyes is, in 
practice, assumed to be much 
greater than it is in reality. 

It has been shown, in reference 
to Fig. 12, that it is mainly to the 
degree of convergence of the optic 
axes of the eyes, that tlie mind is 
enabled to judge of distance. The 
more a man has to squint in order 
to see an object, the nearer it must 
be to him. It is clear, then, that 
if by any means this order of things pig. is.—The Pseudo 
could be reversed — ^if by looking 
through an instrument the angle of convergence 
could be increased with an increase of distance — 
then near objects would appear farther off than dis- 
tant objects, and everything would appear to be 
turned inside out. The Pseudoscojie is an instru- 
ment also devised by Sir Charles Wheatstone for 
producing this result, and of all optical illusions, 
those produced by this instrument are, perhaps, the 
most extraordinary and striking. It consists (see 
Fig. 13) of two rectangular prisms of glass fixed at 
such an angle tliat the redativo direction of reys 
reaching the eyes from objects seen through them 
is laterally inverted by internal reflection, so that 
the convergence of the optic axes increases with the 
distance of the object looked at, and versd. If 
a globe be looked at through the pseudoscope, it 
appears like a concave cup, because the point on 
the globe nearest the eye appears fiirthest off, and 
parts farther off appear nearer in the inverse order 
of their distance. Similarly, the inside of a basin 
appears like a globe, and a hat appears to be turned 
completely inside out : this last illusion is far more 
difficult to see in perfection, on account of the great 
difficulty of overcoming the inherent conviction 
that the contrary is the case. If, however, a hat 
be specially made with the lining outside, the 
delusion is instant and complete. For the same 
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reason, although a bust appears through this 
instrument as a hollow mask, it is absolutely im- 
possible to obtain a similar delusion with the living 
human face. 

In the preceding pages no mention has been made 
of the deceptions produced by reflectors or other 
optical contrivances, such as the efiect known as 
‘‘Pepper*s Ghost,*' and other exi>eriments of that 
class. These are not, strictly speaking, illusions 
at all, but are simply applications of optical 
principles for producing perfectly regular physical 
results. The eflects of a common looking-glass can 


Mirage, in which, in certain thermal conditions of 
the atmosphere, reflection takes place from the 
bounding surfaces of laminse of different densities, 
as from the surface of a sheet of water, and very 
remarkable effects are produced. All these phe- 
nomena are physical rather than physiological, and 
only on account of their abnormal api)earanoe and 
rare occurrence can they be called optical illusions. 

Those extraordinary and rare phenomena in 
Nature which are called “ Mock Sum ” or parhelia 
(see Fig. 15), chiefly seen in the Arctic and Antarctic 
regions, owe their origin, like the rainbow, to re- 



Pig. 14.— Ak Enrucr of Mibaoe observed by Captain Scoresbt, while crvisibg off the Coast op Qreenlabd in 1822. 


hardly be called optical illusions, although they 
convey the impression that a second self is standing 
as far behind the minw as the observer is in front ) 
and the removal of the silvering from the glass, 
which would make it identical with the apparatus 
employed for producing the “ Ghost ” effect, would 
not bring it within the legitimate scope of this 
paj>er. Nor has it been deemed necessary to de- 
scribe those optical toys and contrivances, such as 
the aj;)paratus for apparently seeing through a brick, 
which, by means of reflectors, simjAy diverts the 
beam of light round the obstruction, whether it be 
a brick or anything else. 

The celebrated Fata Morgana of the Straits of 
Messina, in which a spectator on shore sees images 
in the sky of men, houses, trees, and ships, is a 
special instance of the phenomenon known as the 


flection by particles of water, but, unlike the rain- 
bow, those particles are in their crystalline or frozen 
condition. The phenomena of halos and coronai are 
caused partly by diffraction in thti aqueous particles 
constituting a misty atmosphere, and partly by 
reflection and decomposition of light, as produced 
in the rainbow. 

The celebrated Spectre of the Brocken, to be seen 
in the Hartz Mountains, under favourable condi- 
tions, is nothing more than the shadow of the 
observer cast by the rays of the rising sun upon the 
mists lying in the valleys below, and cannot, there- 
fore, be classed among illusionary effects. 

The useful applications of optical illusions are 
not numerous, being almost exclusively employed 
for scenic effects and for decorative purposes. Every 
picture is by its very nature made up of optica) 





OPTICAL ILLUSIONS. 


173 


illusions ; and the more perfect the illusive effect, 
the greater, of course, is its merit. The science of 
perspective teaches the principles upon which a 
very important branch of the illusionary effects of 
the painter^s art is pi*oduced; and scenic effects 
upon the stage depend in a great measure upon an 
exaggeration of the effects of perspective. For in- 
stiinee, for the purpose of giving to the stage greater 
ajiparent depth, the floor is made higher at the back 
of the stage than it is towards the auditorium, and 
the side walls in an interior taper both vertically 
and horizontally from the front to the back For 


supposed, the most sensitive t ' optical impressions, 
is absolutely and totally %lind, as may be proved 
by the following experiment : — Let two small black 
wafers or discs be placed on a sheet of white pajier, 
about four and a half inches apart, then let the left 
eye be closed and the right eye be flxod on the leflr 
hand wafer. If now the head be steadily drawn 
back from the sheet of paper, a point will be 
reached at which the right-hand wafer becomes 
totally invisible, and it will continue so over a 
short lange, while the distance is increasing, becom- 
ing again \ isible when the farther limit of that range 



Fijf 15 —Parhelia, or Mock Suns. 


a similar reason, an avenue of trees planted in two 
tapering straight lines apjxjai’s longer or shorter 
according as it is viewed from the wider or the 
narrower end : in the one case, the ta]>oring of the 
avenue adds to the effects of perspective, and exag- 
gerates them ; and in the other, it subtracts from, 
and to a certain extent neutralises them. 

We cannot conclude this paper without men- 
tioning an interesting optical experiment which, 
though hardly to be classed among optical illusions, 
is closelv related to them. It has been ])ointed out 
that the nerve-filaments of the retina diverge from 
a common centre, to which is attached the optic 
nerve leading to the brain. It is a curious fact 
that this spot, instead of being, as might have been 


is j)assed. On again slowly approaching the paper* 
the effects reappear in their inverse order. With a 
distance between the spots of four and a half inches, 
the usual range of invisibility is between the dis- 
tances of ten and twenty inches from the j)ai)6r. 

It is impossible, within the limits of the space 
at our disposal, to do more than mention some 
of the more characteristic of the abnormal pheno- 
mena connected with vision, which together form a 
most interesting branch of physiological inquiry. 
We trust, however, that, notwithstanding many and 
perhaps obvious omissions, a sufiicient number have 
been recorded in this paper to suggest further ex- 
periments, and that the reader may be led by them 
to investigate the subject for himself. 
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NERVES OR NO NERVES? OR, THE ART OF FEELING. 

By Ahi'kew Wilson, Ph.D., F.RB.B., F.L.8, etc. 

Lecturer on Zoology in Hu Edinburgh School of Medicine, and Examiner in Natural History and Botany in the Vniwrsiiy of Qlaegov), 


L ike many other curious functions of our bodies, 
the art of feeling and of exercising sensation 
loses its wonder, and ceases to interest us, because 
of its common nature. It is, however, the special 
gift of science to show the wonders which exist 
within the most limited field of observation, and 
in the most common objects which surround us. 
Within the confines of the human body there are ex- 
emplified, it is true, problems of matter and of mind 
which the farthest flights of scientific philosophy 
have as yet failed to explain. But it is oipially true 
that there are many points in our own history 
and daily life which this same philosophy has fully 
elucidated, and which have been shown, notwith- 
standing their familiarity, to present elements of 
great interest and of sound instruction. Of such 
familiar points, the ordinary course of nerve-action 
and sensation are good examples. No fact in our 
l>ersonal history is clearer than that which shows, 
as the result of exiierience, that we are able to gain 
a certain amount of knowledge of the world around 
us. To this knowledge we are enabled to attain, 
through the exercise of our “ senses ” ; and our 
‘‘senses” — whatever these may prove to be — are 
known in their turn to be parts of our nervous 
system. In each act of oui* daily life, no matter 
how trivial, simple, or how oft-repeated the act may 
be, the nervous system plays a part. The very 
beating of the heart — carried on involuntarily and 
often unconsciously, as in sloe]) — the winking of an 
eyelid, and the thinking a thought, are each and all 
carried out under the suj>ervision of and controlled 
by the nervous system. Thus we discover that this 
system is that whereby we are brought “ into rela- 
tion” with the world around us. The higher the 
nervous system, the more pei-fect is the relationship 
which it maintains between its possessor and the 
outer universe. And hence for all purposes of 
scientific definition, as well as to popularly desig- 
nate the use of the nervous system, we may say 
that it performs the function of relation f and 
brings its possessor into contact with the surround- 
ing world. 

It is an obvious conclusion, however, that the 
manner in which the functions of nerves are exer- 
cised is seen to bo subject to striking vaiiations as 
^we survey the wide domain of animal life, and 


include in our glance the lowly animalcule, and the 
“ lord of creation ” — man himself. The acts of an 
animalcule are simple indeed, as compared with the 
comjilex actions which mark the daily life of man ; 
and still greater do the difierences appear which 
seem to separate the apparently non-sensitive plant 
from its sensitive animal neighbour. But the jihy- 
siologist might after all show that the difierences 
between most of the nervous actions of man and 
those of lower animals are more apparent than real. 
And he might go farther still, and assert that the 
plant- world should not and may not be left outside 
the category of sensitive things of nature. He would 
endeavour to show that there exist plain grounds for 
the belief that sensation is not confined to the animal 
world, and that plants may “ feel,” and may act 
upon their feelings and sensations, as do animals ; 
Whilst, more extraordinary still, the man of science 
might infoz’m us that the presence of nerves was 
not a necessary condition for the due exercise of 
sensation; and that, in shoi*t, many animals and 
plants “feel,” in the entire absence of nerves. 
Hence it would seem that the common “art of 
feeling” constitutes, after all, a most singular 
phase in the history of living beings; and the 
brief investigation of the subject may, therefore, 
afford a reply to the interesting question which 
forms the title to the present paper. 

A brief study of the features involved in the 
common exercise of the nervous system in man, 
may fitly preface a wider glance at the subject of 
the relations of nerves and nerve-action in living 
beings at large. When we touch a table, for in- 
stance, what features are involved in the action, 
and how is the act itself inaugurated and earned 
out ? Starting with the assumption that the action 
has originated in a “ thought ” or “ idea ” generated 
in the brain — ^for there are some philosophers who 
would maintain that this thought is but the outcome 
and product of antecedent thought or nerve-action 
— we find the “idea” to give origin to “ nerve-force” 
or “nerve-impulse.” What this “nerve-force” is 
we cannot tell ; nor has it been made plain how a 
thought becomes transformed into the force which 
has the power of calling our muscles into play, 
and, it may be, of exciting the most violent b^ily 
action. Somehow or other, however, the idea is so 
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transformed; and, stranger still, it is actually di- 
rected and guided, as if by the hand of a skilful 
pointsman, into the particular channel or nerve 
we wish. If we wish to employ the fore-finger 
in touching the table, the nerve-force is directed 
through the appropriate nerves to this particular 
member. If the middle finger is the desired member, 
the nerve-force will affect it — light hand or left, 
one finger or all, it matters not which to the brain- 
pointsman — the nerve-force is directed unerringly to 
the particular portion of our frame wo desire to 
affect. Thus, one of the most familiar acts and 
powers of our daily life — the power to do as wo 
choose, to lift this finger or that — is really per- 
formed through a mechanism so subtle and incom- 
prehensible, that the greatest authorities of our day 
own their inability to solve its de 2 )ths, and admit 
their helplessness with the best grace jiossible. 

Tlirough the neiwes, then, flows this wonder-force, 
of which, indeed, tlioiigljt itself is but a modifica- 
tion. Flashing doAvn the ann and finger, it in- 
trudes itself ui)on the muHcles thereof. Rousing 
them from tlieir state of rest, it calls upon them to 
conti*act, and, like a stem taskmaster that brooks 
no ()i) 2 >osition, insists on the instant execution of its 
commands. The willing muscles obey; the ann 
and finger are duly moved, and the latter member 
is brought into contact with the table. The desired 
action has thus been accomifiisliod, you say, through 
the transfonnation of thought or brain-force into 
ncrvc-forcc, through the transmission of this force to 
th(‘ muscles, and through the subsequent stimulation, 
contraction, and movement of these latter stmetures. 
So far, the steps of the tiction are clear enough. 
But this is not all. The details just given, literally 
involve only one-half of the action of touching the 
table. How do you know you have touched the 
object in question 1 You reply, Because I see I 
have touched the table, and because I feel I have 
touched it.” Just so ; but ‘‘ feeling ” and ‘‘ seeing ” 
ai’e both nervous acts, involving actions as com])li- 
cated as tliose through which you set your muscles 
to work. Suppose, for the sake of clearness, that a 
blind man touches the table. His knowledge of 
that part of the outer world represented by the 
table is gained by one sense only — that of touch. 
How does he know he has touched the table? 
Again you reply, “ Because he felt it.” And what 
is feeling, and how does he feel ? To answer these 
queries we must try to understand what these 
senses ” of ours are, and what the possession of a 
sense” — such as that of touch — implies. Pro- 

fessor George Wilson long ago called the senses the 


“ gateways of knowledge,” and the term is an ex 
ceedingly appropriate one. Jfoi through these five oi 
six gateways comes information upon all manner ot 
subjects — “ information received ” in fact, and upon 
which, like sagacious policemen, we arc bound to act. 

Now “ touch ” is of all the senses the most dif- 
fused, and of all our knowledge-gateways the widest. 
A little cogitation makes it clear that the sense of 
touch — that is, the sensation produced by our con- 
tact with the table — is not confined to the nerves 
situated in the skin of tlie finger. And a little 
further thought will result in the idea that before 
we can ** know ” anything about the table, the 
brain must have been duly iiifonned of what is 
going on at the tq) of the finger. In the blind 
man the gateway of the eye is closed, and it 
is therefore through the finger and the sense of 
touch alone that information can be conveyed to 
his brain. How, then, is this very necessaiy com- 
munication effected? The nerves supj)lying the 
finger, and indeed, all the ordinaiy nerves of the 
body, are comjxised of two kinds of fibres, named 
fnotor an<l sensory Jihres, respectively. These fibi-es 
are indistinguishable as they exist in a neiwc, 
although, at the i)oint where the nerves leave the 
spinal manx)w, these two kinds of fibres arc 
separate and distinct, and exist as the “anterior* 
and “ 2X>sterior roots ” of the main nervous trunks. 
The functions of the two varieties of fibi*es are 
widely different. Through the one sot, named 
motor fibres, impulses flash outwards, or from 
the brain to the muscles. Through the other 



Fig. 1.— Diagram illustrating the Mode of conveying 
IraprosBions to and from the Brain. 

set — the sensory fibres — impulses are conveyed irir 
wards, from the outer parts of the body, and from 
its muscles to the brain or other chief centre of the 
nervous system. • Thus then, it becomes clear to us 
that when we wished to touch the table, the nerve- 
imi>ulse which set our muscles in motion flashed 
from the brain through the motor fibres of our 
nerves ; and that conversely, we became aware that 
we had touched the table, because the sensation of 
touch — produced by the contact of the finger with 
the table — was transmitted to the brain through 
the other or sensory fibres of the nerves. In 
like manner, if we had seen our finger touch the 
table, the eye would have then seiwed as a great 
sensory organ. Hence arises the idea of its exercising 
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a — seeing that it conveys to the brain 
information regarding the work and functions of the 
finger and its muscles. Or, supposing that a iici*son 
passes his hand quickly before our eyes, we with- 
draw our head and instinctively close the eyelids. 
Here the sensory impulse has passed (Fig. 1) from 
the eye (j?) to the nerve-centre or brain {Hc)y and has 
thence l>eeu “ reflected ” a motor-impulse to the 
muscles of neck and eyelids (m). We must, there- 
fore, note, that in eveiy nervous jictioii there are 
two aspects involved. Tlie impulse sent outwards 
is ultimately reflected inwards, and carries with it 
to the brain the knowledge of what is going on 
without. Tliis is w'hat physiologists know under 
the name of reflex action ; and it can well be under- 
stood from the foregoing examples, that most of our 
actions are regulated and performed in confoimity 
with the plain princijde of impulses being ‘^re- 
flected ” inwards or outwards, as the case may be. 

That the iiiqnilso which determines the bodily 
actions does not always originate in the brain, is a 
fact which becomes clear to us when we consider 
that we are acted upon in various fashions by the 
outer world, and have in turn, and as the result of 
the impressions we receive, to react upon the world. 
Why does the sight of some tit-bits in the way of 
chiinty food cause a flow of saliva, or, in plain 
language, “ mak(' the ni<nith water ” ? llecause the 
sensory impulse received by the eye lias been trans- 
mitted to tin* brain, and ‘‘ reflected ” therefrom to 
the nerves of the salivary glands in the mouth, with 
the result of causing a flow of their secretion, such 
as would ensin* were the savoury morsel to be 
eaten. A story is related of a distinguished clieraist, 
which illustrates in a remarkable manner, not 
merely the theory of *‘n*flex action ’’just discussed, 
but also the rapidity with which bodily action may 
follow the rcceijit and transference of nervous im- 
pressions. The chemist in question was engaged in 
examining the contents of a phial, when these con- 
tents suddenly exploded, and the bottle was dashed 
from his hand into a thousand fragments. He was 
conscious of seeing I he flash which accompanied the 
explosion ; and in the immeasurably short interval 
which elapsed lietweeu the explosion and the un- 
closing of his eyelids, came the agonising thought 
that possibly he was blinded for life. A moment 
later, on opening his eyelids, he found, to his immense 
relief, that his eyes were uninjured ; but on the out- 
side of liis eyelids and in his face were small particles 
of glasa Tliis latter observation, therefore, showed 
that, notwithstanding the extreme shortness of the 
interval which elapsed between the flash of light 


and the shatteiing of the glass, his eye had still 
had time to warn the brain of its danger, through 
a memory impression ; and the brain had also con- 
trived ill the iiiteiwal, and thi'ough a motor imj)ul86, 
to issue a command to the muscles of the eyelids 
to close, and to protect the delicate organs luider 
their care — as illustrated by Fig. 1. 

Such is a shoi*t account of the essential phases 
in human nerve-action, and in that of allied animals 
as well. Keflex action in reality forms the basis, as 
lias been already remarked, of our daily walk and 
convei’sation, and may often be carried on automatic- 
ally, or unconsciously to ourselves, and through the 
influence of that ])Ower of habit wliich has well been 
termed a “second natui*o.” The considerations which 
follow u])oii the investigation of the manner in 
which the highest animals maintain I’elations with 
the world around them, invite us to glance at the 
nervous acts of lower foims of life, and to compai’e 
their actions with those of their higher neighbours. 
Let us, for instance, select that well-known animal- 
cule thxb Ainoehay or “Proteus animalcule,” or its ally, 
portrayed in Fig. 2, as a first object for study. The 



Fijf. 2.~Mafitn)aniu:ha u»pcrM—^ fresb-water Transition Form be- 
twetiu tb© Avuehoe and the Flagellatce. (After F. E. ISchvUe.) 

amoeba slowly moves about in a little sea of its own, 
formed by a drop of water taken from a stagnant ditch 
— a curious, shajieless speck of living jelly, without 
organs or parts, and which, as we watch it even for 
a few minutes, seems to flow continually from one 
form into another. The amoeba — this microscopic 
s]>eck of structureless living matter — ^is, notwith- 
standing the simplicity of its body, a veiitable 
animal, that lives to and for itself as conq)letely and 
as perfex’tly as doe^ the highest of beings. You see 
a paHieJe of solid matti*r approaching the amoiba, 
and now, it has just touched the margin of the soft, 
jelly-like body. The animalcule acts most charac- 
teristically ; for it proceeds thereafter to inclose 
the food -particle witli its body, and literally flows 
around the particle, which is seen to be finally 
engulfed within the soft substance, amidst which, 
if digestible at all, it will bo slowly dissolved. 
What shall we say of the amoeba’s act and be* 
havioiu’ to the food-jjarticle ? Simply that the 
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animalcule “ felt ” the contact of its body vrith the 
particle, and that it acted — unconsciously, no doubt, 
but like man nevertheless — upon ‘‘information 
received,” and seized upon the substance for food. 
This apjiears exceedingly like “ reflex action ” in a 
lower jihase after all, for here you see an imiiression 
received from without, and you also behold action 
of a definite kind from within to follow tlie receipt 
of that impression. We may not dogmatise regard- 
ing the nerve-functions, or irritability,” as the 
nervous sense is termed, of an ammba ; but this 
much we may affirm with safety, that the soft tissue 
of the structureh»ss and lUTveless body is sensitive, 
and that its sensitiveness may be, and is, excited in 



Fig J —Chrytao'ia, a Medosoid. 


a general manner b^ the contact of the outer world 
and its belongings. 

The summer sea around our coasts teems with 
many beings of giaceful form and appearance, but 
with none more lieautiiul to the eye or interesting 
to the mind than the “Jelly-fishes” or whose 

delicate glassy bodies are so near akin in delicacy 
to the water amidst which they float, and which 
drain away in your hand as you attempt to lift them 
from the sea. Here is one form (Fig. 3) which comes 
sailing along through the still sea, expanding and 
contracting its bell-shaped body, with a regularity 
which is both surprising and notewoHliy in a being 
of so lowly a grade. From the roof of the bell 


hangs a tongue or clapjier ; aro ind its margin you 
may see little specks of pi|pnent, which are ocelli 
or rudimentary eyes; and joumay notice tentacles 
or feelers as well. A sheet of contractile tissue lines 
the interior of the bell, and covers the “ tongue.” 
By the contiuction of this delicate layer, the walls 
of the body aro dra^n together and water is ejected 
from its mouth, the animal being tljus ])ropellcd for- 
wards ; whilst the sul)sequent enlargem<*nt and dila- 
tation of the bell results in an inflow and re-expulsion 
of water. In this way, by alternately expanding and 
contracting its body, our medusa pulsates through 
the water, like a veritable creafui’e of fairy organisa- 
tion and of almost ethereal nature. Let us inteiTO- 
gate the jelly-fish by exjieriments similar to those 
carried out by Dr. G. J. Romanes, and inquire as to 
the means it jiossesses for maintaining relations with 
the Ollier world. Wo must dismiss from our minds, 
in dealing with the medusa, any idea of “conscious- 
ness,” or th<‘ knowledge of th(‘ why and wherefore 
of our actions w^hicli is so characteristic of man. 
For the lower animals pei-form the actions of their 
life under unconscious stimulation from without, 
ami without nocessjunly knowing or appreciating the 
reasons of their acts. With a needle or other sharj) 
instrument, prick the side of the bell-shaped body of 



Fiff. 4— IHaropsw indicanit {afier Romnnea), sliowixjjf tbo central 
Ifontb (a) moved to the fomt which has been touched. 

tbo jelly-fish (Fig. 4), and you wdll find that the cen- 
tral tongue or clappei* of the bell boai*ing the mouth 
will move to the irritated point (a) just as the indi- 
cator of a dial moves in response to the mechanism 
whose working it is meant to indicate. Prick imother 
part of the bell, and the mouth wdll move unerringly 
to the second jioint you have touched. Such a result 
shows U8 clearly, not only that the jelly-fish feels^ 
and that acutely, but that through reflex action it 
is enabled to respond to the stimuli by the move- 
ments of its mouth, and in an accurate manner to 
indicate the points which have been touched. In 
some medusce, the reason foi^ the movement of the 
mouth to the point which has been touched is ex- 
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plained when we discover that the mouth is provided 
with a stinging apparatus, which, by the move- 
ments alluded to, would be brought in contact with 
any foreign object or animal touching the body 
of the jelly-fish. Suppose that now we make a 
cross-cut in the 
side of the jelly- 
fish (Fig. 4, 
b c), and sever 
the delicate 
body substance 
through a li- 
mited i>art of 
its extent ; and, 
further, that we 
prick the body 
below the inci- 
as at d — 
that is, on the 
side of the cut 
farthest from the mouth. We may then see the 
mouth to move about m an erratic fashion, as if 
quite at sea, and at a loss to discern the exact 
point which has been irntat(*d. 

The exjdanation of these facts must be prefaced 
by the announcement that no definite nerves are 
to be discerned in the vast majority of our jelly- 
fishes. It is thus essentially like the amoeba — 
sensitive in the absence of well-defined nerves, such 
as are the natural heritage of animals higher in the 
scale. This fact alone is curious and noteworthy, 
and bears a distinct relation to certain conclusions 
to be drawn at the close of our investigation. We 
may firstly form some idea of the manner in which 
the medusa contrives to indicate the iK)int of its 
body which is touched, by assuming that the im- 
pressions or sensations are conveyed from the 
exterior of the body to the ceutiul mouth through 
definite tracts or lines — “lines of discharge,” as 
they are called. And, secondly^ this idea is sup- 
|)orted by the exjieriment just alluded to. Since 
when the line along which the nervous impulse 
travels is internipted by a cross cut, the informa- 
tion is conveyed to the central mouth in a round- 
about fashion, the impulses scattering themselves, as 
it were, over the body, and in such an incomplete 
manner, that it is unable to indicate as correctly 
as before the seat of the irritation. In an experi- 
ment of Dr. Bomanes’, the bell of a jelly-fish was 
cut, as exhibited in Fig. 5, into a continuous 
parallelogram,” and then divided as shown in the il- 
lustration. When any j)oint, such as in this divided 
portion was stimulated, a wave of contraction passed 


to b, proving that the “ wave of stimulation ” most 
have passed round and round the ends of all the 
intervening cuts. When the wave reached bf near 
which a nerve-mass or ganglion (g) is situated, it 
will be “ reflected ” from this nerve-centre back- 
wards to a. Not only do we find the principle of 
reflex action thus represented, but we also witness 
the aptitude of all parts of the medusa’s sensitive 
body to receive and transmit impressions. We find 

in the jelly-fish, 
in short, when 
its tissues are 
divided, much 
the same kind 
of effect that 
ensues in higher 
animals, in 
parts supplied 
by any special 
nerve, when 
that nerve has l)eeu divided, or otherwise injured. 
In such a case impressions would have to be 
conveyed in a roundabout manner, and in an 
irregular fashion to the part in question. We may 
conclude our survey of the jelly-fish by noting, 
thirdly f its evidently superior organisation to the 
amoeba; and the part result of this higher stnictui'e 
is shown in the more definite and exact manner in 
which the impulses are conveyed from outward to 
inward parts; these impulses in amoebae being 
undetermined in their direction, and very general in 
their scope and extent. Whilst, we have 
noted that the principle of reflex action appears 
to be carried out in the medusa in much the same 
fashion, as regards its working, as in man himself. 

A stop upwards in the scale of animal life would 
bring before us animals in which definite nerves 
are developed, these nerves merely representing a 
higher development of the primitive “lines of 
discharge ” along which the nerve-impulses of jelly- 
fish and amoeba alike are believed to j)roceed. But 
leaving the higher animals, as somewhat l)eyond 
the pale of our present inquiry, let us inquire 
whether the plant world gives any affirmative re- 
sponse to the question of “ Nerves or no Nerves 1 ” 
The flower we pull to pieces shows no sign of 
feeling — leaving “ pain,” as perfectly distinct from 
mere feeling, entirely out of sight — since, in the 
absence of consciousness in any form, “pain,” aa 
judged by the human standard, must be regarded 
as non-existent. As a rule, therefore, the plant 
world gives no response to outward stimulation. 
But are we to conclude from this observation that 
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plants, as plants, are utterly destitute of feeling or 
sensation ? By no means. Since a sponge gives no 
response when it is cut in pieces, and the sponge is 
a true animal, whose living pai*ts exactly resemble 
ammbflB in nature and constitution. Moreover, if 
the absence of nerves in plants is to be held as 
negative evidence, te 8 tif 3 dug in favour of their non- 
sensitive nature, we might equally well maintain 
that all the lower animals should be non-sensitive, 
since they do not j^ossess nerves — a statement 
manifestly absui’d. But is it true that plants are in- 
vaiiably destitute of feeling 1 Ask the botanist what 
he can tell us about the sensitive plants, or Mimom, 
or about the Venus* fly-trap (Dmvoea — Fig. 6), not 



Fig 6.—- Ventis’ Fly-Trap {Dionasa), 


to mention the wood-sorrel (OxcUis) and the 
Hedi/sarum, or moving plant, as well as numerous 
other examples of plants, which literally shrink 
and droop their leaves when you touch them,* 
which capture insects for food by aid of their 
sensitive leaves (as in JDioncBa), and which exhibit 
(as in the case of the last-mentioned plant) con- 
tinual movements of their leaves — movements 
* Brown’s ** Manual of Botany,” p. 500, et seq. 


aflected by varying conditions of temjierature and 
other extemal influences. ; Shall we say that a 
sensitive plant which droops its leaves on the 
slightest touch, and which may be chlorofonned and 
rendered insensible like an animal, is non-sensi- 
tive, judged by the animal standard 1 Or shall we 
hold that its actions are in any way diflei'ent from 
those of the animal sea-anemone — apparently nerve- 
less like the jelly-fish and plant — and which, when 
touched, folds up its tentacles and contracts its body 
into a coloui'ed mass, looking like nothing so much 
as one of the curiosities in the way of jellies or ices 
one sees in a confectioner's window! Assuredly 
not, must be om- re])ly. There is no justification 
whatever for assuming that plant sensitiveness is 
in any way different from animal sensitiveness, 
whilst there is every justification for maintaining 
the uniform nature of sensation in animals and 
plants, and for the essentially ‘‘ reflex ” nature of 
the acts of both. Nay, we may go farther still, 
and assume that could we but glance with the 
far-seeing gaze of imaginative science into tlie 
nature of plants and animals of the lowest gi'ade, 
wo should find that nowhere does life exist without 
sensiition and feeling, or without the means for 
I’eacting in some way — however humble or ill- 
defined the fashion may be — on the world which 
acts upon and affects every living body. Sensation 
in this view l)ecome8 synonymous with life ; and the 
acts of an animalcule, along with the usually scarce- 
perceived sensitiveness of the plant, become thus 
connected in an unbroken chain with the loftiest 
thoughts and aspirations of man. 

The conclusions to which our study tends have 
already been pointed out in the course of our 
remarks. Sufficient for our present purpose is it to 
remark : firstly, our recognition of “ ivflex action ” 
as a guiding principle in the common acts of man’s 
life; secondly, the extension of this piinciplc to 
explain the acts of lower animals ; thirdly ^ tliat we 
may find “ nervous ” acts performed (as in amoaba, 
the jelly-fisli, in lower animals generally, and in 
plants) in the absence of actual nerves ; whilst we 
may, lastly, note that having regard to the facts of 
well-defined sensation and movements in many 
plants, and to the analogies of life at large, it may 
be assumed that all living organisms without 
exception possess sensitiveness of degrees varying 
according to their rank and grade in the scale of 
being. The answer to our question of " Nerves or 
no Nerves 1 ” is, therefore, clearly expressed. The 
art of feeling and sensation may be carried on in 
the utter al:)sence of nerves and these structures 
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are themselves simply the evidence of the highest 
development of the sensations of lower and nerve- 
less forms. Such a study may thus not only afford 
some curious information regarding the habits of 


life in man and lower beings, but may also show us 
the marvellous mystery and exceeding interest 
which prevail amidst the simplicity and beginnings 
of life. 


HOW ELECTRICITY IS MEASURED. 

By Park Benjamin, Ph.D. 


E lectricity is supposed to bo a certain 
and peculiar form of the energy which per- 
vades the universe. What it really is, nobody 
knows. We speak of it as if it were some 
but it has no tangible existence. Heat we know 
as a ino.lc of motion which results in a certain con- 
dition of the body affected, and we can express 
that condition by a simple standard of measure- 
ment which indicates differences in degree. But 
we do not speak of degrees of electricity, nor think 
of electricity in any such way. On the contrary, 
we figure to ourselves electrical currents flowing 
like water along their conductoi’s and in certain 
definite directions j or wo refer to the storage and 
accumulation of electricity, as if it were matter 
which could bo impounded like water in a re- 
servoir, or oil in tanks, or goods in a warehouse. 

But, at the same time, it is as well to re- 
member that we are not at all sure that elec- 
tricity has any existence apart from its conductor, 
that there is any such manifestation of it as a cur- 
rent, or that it moves at all, or that, if it does 
move, it travels in the direction we think it does. 
All that we really know is that when both a 
l>ody and the space arontid it appear in a certain 
different state from common — possessing seemingly 
properties which they do not generally possess — 
then wo say or consider that the body is in an 
** electrical ” condition. 

Now the effects of this change of condition of 
a body, or the space around it, are often very 
marked, tremendously so sometimes ; and that they 
are of immense iin|X)rtance to the world it is need- 
less to say, since we depend upon them for the 
telegraph and telephone, and the electric light and 
the electric motor, and so on through all the appli- 
cations of this unknown form of energy — past, 
present, or to come. We have found out, more- 
over, that, like all other forms of universal energy, 
electricity is directly correlated to other foims of 
energy, so that we can convert other forms of 
energy into electricity, and vice versd. Thus in 


the galvanic cell we convert the energy of chemical 
reaction (affinity) into electrical energy. In the 
steam boiler, chemical energy becomes converte 1 
into heat energy ; heat energy in the steam engine 
becomes changed into mechanical energy ; and 
mechanic il energy through the dyn imo b(»co:nes 
transmuted into electrical energy. All this 
involves work ; it costs time and money and 
material ; and so it follows, that unless we can 
measure electrical energy with a facility approach- 
ing that with which we can measure mechanical 
energy or heat energy, we have no means of 
knowing whether or not our time, money, and 
njaterial are profitably expended. “Science,” it 
has been well said, “ is measurement.” Elec- 
tricity unmea-sured, for centuries appeared to the 
world, even in the learned treatises, as represented 
by a heterogeneous mass of isolated hapj)ening8, 
very mysterious and wonderful, but no more so 
than the tricks of the magicians, and of no more 
utility to mankind ; electricity measured, is already 
rivalling steam in performing the world’s work, and 
will in time replace it. 

But how are we to measure a thing, or a con- 
dition, or whatever it is, when we know nothing 
about it? If we are to measure the speed of a 
horse, we at least know that the horse is there 
and that he is moving, and moving in a certain 
direction. If we want to know how much water 
there is in a bucket^ there is no question about 
the presence of the water and of the bucket. 
What should we think of the querist who should 
ask us to determine these questions, and in the 
same breath should deny the materiality of the 
horse, or the physieal entity of the water; or 
should request us to find out the strength of a 
current of very doubtful existence in something 
which is not a thing? This is apparently what 
we undertake to do when we attempt to measure 
electricity ; that is, so long as we carry with us 
our wrong ideas as to its nature. Suppose there- 
fore for a moment we simply look at the condition^ 
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which, as before stated, is all that we are really 
sure about : a body and a space around that body, 
in which body and spac& something unusual is 
visibly or demonstrably occurring. What is oc- 
curring ? 

1. The body is heated. 

2. If it is part solid and part liquid, the liquid 
is decom 2 K>sed. 

3. The solid conductor becomes magnetic; it 
will deflect a suspended jnagnet and will magnetise 
bits of iron brought near it. It will make iron 
filings arrange themselves around it in curious 
whirls, as if all about that conductor there were 
some strange field of force, some atmosphere of 
strains and stresses which seizes upon those filings 
as a whirlwind seizes upon straws and dust. A 
water current can do work only in its path. An 
electrical current can do work not only in its path, 
but out of it. The whole current of Niagara, with 
all the power of its mighty rush, cannot influence 
a grain of iron on its banks, or deflect the needle 
of the most sensitive galvanometer. 

Electricity is measured, by measuring differerK^efi 
in these effects. Wo may note differences in the 
heat caused in the conductor, and say that that 
cunent is the stronger of two which produces the 
higher elevation of tem|)erature. We may decom- 
pose liquids, and determine the relative strength of 
currents by differences in (quantities of gas evolved 
or metal deposited. We may note the deflections 
of magnets brought near to the conductor, and find 
the relation between deflections over given angles 
and currents of varying strength. 

In order to measure anything, it is of course 
absolutely necessary to liave some standard of 
measurement —or, in other words, some units — in 
which we can express conditions and differences 
of conditions. We measure water, for example, 
by quarts, gallons, <kc., or we may speak of it as de- 
livered at the rate of so many gallons per minute, 
or as under a certain pressure or head. For the 
measurement of electricity there are various esta- 
blished units, of which, however, we shall here refer 
to the so-called practical units,” noting others 
briefly further on. 

The electrical effect which, by reason of its con- 
stancy, is usually taken as the basis of a system, is 
that known as electrolysis, or the loosening of 
the bonds of chemical affinity which unite the 
atoms in the molecules of a conducting liquid, by 
the agency of the electrical current caused to 
traverse it In this way water is resolved into 
its constituent gases, hydrogen and oxygen, which 


may be separately collected i a d solutions of the 
metallic salts are caused to deposit the metals 
contained in tliem. The unit quantity of elec- 
tricity is that which will set free *000162 grain 
of hydrogen from water, or *005084 grain of copper, 
or *005232 grain of zinc from a solution of either 
metal. 

It will be observed that time is not here taken 
into account. We say simply that when *000162 
grain of hydrogen is i*eleased, then we will call the 
quantity of electricity which has acted to produce 
this result one coulomb, just as we might say, and 
in fact do say, that when a vessel of a certain 
capacity is filled with water, the amount of water 
present shall be called one quart, Now our 
(quart vessel might be filled in a minute or an 
hour, and we sliould express the fact by saying 
that the water in delivered into the vessel at the 
rate of a quart q)er minuUi, or per hour, as the case 
might be. 

In electrical qmrlance, we have a single word to 
express this rate, namely, ampere. When the 
coulomb of electricity flows i)ast any section of the 
circuit — or, what is the same thing, when *0001 62 
grain of hydrogen is libemted in one second — then 
wo say that the current is of unit sti'ength, that 
is, a strength of one ampere. If twice the above 
amount of hydrogen were liberated in the same time, 
the current would have a strength of two amperes ; 
if half the amount were liberated in the same time, 
the current would have a strength of half an 
ampere, and so on. 

If we were dealing with water flowing at so 
many gallons per minute, for examqde, we should 
find that this flow was dependent upon two factors : 
first, the i)res8ure which impels the water along its 
channel ; and second, the resistance offered by the 
channel, or any obstruction in it, to the passage of 
the water. We should find, further, that, other 
things being equal, the greater the pressure the 
more water would flow. On the other hand, every- 
thing else being equal, the greater the resistance the 
less the amount of water which would pass. The 
electrical flow (supposed) bears a close analogy to 
the water flow, and the expression of this consti- 
tutes the great fundamental law of the electrical 
current. Its strength depends directly upon the 
electrical pressure. The greater the electrical 
pressure the greater the strength, the greater the 
number of amperes, or the number of coulombs 
per second. On the other hand, the greater the 
i*esistanco offered to electrical flow, the less the 
number of amperes, or coulombs per second. 
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But what is electrical pi’essure, and what resists 
electricity] Water pressure may of course be 
caused by gi-avity or a force })unij), but giavity 
cannot influence electricity, which is totally in- 
corporeal, and has no weight ; besides, it is not 
clear how a weightless incorporeal entity is to be 
pumped. Electrical pressure is more commonly 
called electro-motive force, usually abbreviated to 
£ M F. Water will flow from a high place to 
a lower one, gravity impelling it It will seek 
its own level, So electricity will flow from a 
place of high potential to a place of low ])otential, 
that is, from a ])oint wlicre its capacity for doing 
work is greater, to one where its capacity for doing 
work is less, provided a conducting channel — a 
metal wire, for example — be provided for it 
Electro-motive force is due to the difference of 
potential, and determines the flow. Difierence 
of potential is caused by every electrical generator, 
whether galvanic cell, dynamo- electric machiiio, 
or any other apparatus seemingly producing 
electricity. 

Some substances will conduct electiicity bettor 
than others j some will practically not (jonduct 
electricity at all. A rod of ghiss is a non-conductor, 
a rod of metal is an excellent conductor. To say 
that a body will not conduct at all is the same 
thing as to say that it o[»poses an infinite re- 
sistance to the current. If it could conduct 
perfectly, it would ofter no resistance. Between 
infinite resistance and no resistance there is of 
course every degree of more or less resistance. 

So here are two factors upon which the strength 
of the current depends, and for each of which 
we need some standard of measurement. When 
two electrical conductors of different potential are 
brought together, one will distuib the electricity 
of the other, and an attractive force will be 
Bet up, which will cause the bodies to approach 
one another. Now the magnitude of this attrac- 
tive force bears a certain definite relation to the 
difference of potential between the bodies, so that 
if we measure the force of the attraction — weigh it, 
so to speak — we can find out what the difference 
in potential is ; and by taking, further, into con- 
sideration the distance between the bodies and 
their shapes and sizes, we can obtain an expression 
for the unit of potential diflTerence, which has been 
arbitrarily called the volt. For all practical pur- 
poses, however, it is much simpler to regard the 
volt as representing the electrical pressure of the 
current yielded by some standard form of galvanic 
cell, usually the Daniell element; or to consider it 


as the diflerence of potentials which must be main^ 
tained at the ends of a wire of one o/im resisjtanoe^ 
so that a current may pass through it. 

The o/wi is arbitrarily fixed as the resistance 
offered by a cei^tain definite body at a certain tem- 
pemture. A column of meicury at 0° Centigrade, 
one square millimetre in section, and lOG centi- 
metres in length, offers exactly one ohm resistance. 
Ordinary iron telegraph wii*o has a resistance of 
from ten to fifteen ohms per mile. Ur we may 
say tlxat one ohm is the resistance which is over- 
come by a current having a sti'ength of one ampere 
at an electrical pressure (or having a difference of 
potentials) of one volt. 

It is not difficult now to perceive the relation of 
the three practical units — ampere, volt, and ohm. 
A current liaving an electrical pressure of one volt 
traversing a conductor of which the resistance is 
one ohm, has a strength of one ampere ; or, to put 
this in the form of a simple ratio, 

... E, difforonce of potential or doc- 
C, or eunvnt Htamgth = — trical prcs*uro 

Ho that, if we know any two of the terms in the 
above statement, we can easily find the third. 
Tlius, knowing the diflerence of potentials in volts, 
and tl)e current strength in amperes, we liave only 
to divide the former by the latter and we have 
the resistance in ohms ; or, knowing the resist- 
ance in ohms, and the strength of the current in 



Fig. 1.— The Voltameter. 


amperes, by multiplying these together we can 
determine what the corresponding pi-essure in volts 
must be. This however, convenient as it often is, 
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is simply expressing the relations of factors, and 
unless we can directly measure at least two of 
these we shall merely be speaking in what algebra 
calls terms of x and y, without knowing what x 
and y themselves represent. 

Let us start with the measurement of current 
strength. It has been said that a current of a 
strength of one ampere will liberate *000162 grain 
of hydrogen from water in one second. This gives 
us at once a very simple and fairly accurate means 
of measuring strength directly. The apparatus 
used for the purpose is called a voltameter, and is 
illusti-ated in Fig. 1. The current enters the water 
from one of the jdates suspended in the bottle, 
and passes oti* by the other plate, decom])Osing the 
water in it-s passage from one plate to the other. 
Hydrogen and oxygen ai-e produced in the pro- 
portion of two volumes of hydrogen to one of 
oxygen, and the mingled gases are collected in a 
graduated tube. The proportion and weight of 
hydrogen being known, and the time being noted 
in which it was evolved, it remains simply to 
divide this weight in grains by *000162 and we 
have the strength of the current in amperes. For 
practical purjioses it is a simpler proceeding to 
cause the current to deposit metal from a metal salt 
solution for a given time, and then weigh the 
deposited metal. 

While the foregoing method is the most direct 
way of measuring the strength of a current, it 
is practically of little value, because it requires 
great expenditure of time. In order to decom- 
jiose one gramim* of sulphuric acid a current of 
a sti*ength of one ampere would re(|uire nearly 
three hour.s. Weaker cun*euts, such as are used in 
telegraphy, might flow through the apparatus for 
days before any indication of their presence would 
appear. There are numerous other diflSculties not 
necessary here to mention, the consequence of 
which is the substitution of the galvanometer for 
the voltameter for practical purposes, and the 
employment of the latter as a standard current 
meter, whereby the correlation of the effect produced 
in the galvanometer and the actual strength of the 
current may be experimentally ascertained by 
direct comparison. 

When a current is passed through a conductor, 
and a magnetic needle is brought into proximity 
to that conductor, the effect of the passage of the 
current will be to cause the needle to set itself in a 
position transversely to the path of the current, 
and the direction in which the needle will turn will 
depend upon the direction of the current Thus if 


ia3 

the wire be represented at A B (Fig. 2), and ]>laced 
over the needle (n s), then when the current circu- 
lates from B to A, the N end of the needle will 



Fig. 2 — CBrated’s Experiment. 


move to the right ; when the current circulates 
from A to B, the N end of the needle will move 
to the left. 

The movement of this needle clearly shows two 
things : first, the direction in wdiich the current 
moves in the wire (apparently); and second, it 
may convey to us an idea of the strength of the 
current, innsniuch as there is a law connecting the 
magnitude of the deflection with the strength of 
the current which produces it. As a single wire 
might exert but very little perceptible effect, the 
influence of the current may be increased by aug- 
menting the number of wires in proximity to the 
needle. A simple apparatus thus made for showing 
cuiTent direction, and for allowing of a rough esti- 
mate of the strength, is that shown in Fig. 3, w’hich 
is commonly called a multiplier. 

For practical use, however, galvanometers are 
made in a v ariety of forms, and dependent upon 
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Fijjr. 3 —A Galvanic Multiplier. 


different principles. They may measure the re- 
lative strength of currents as shown by different 
deflections produced ; and also the absolute strength, 
or, in other words, the number of amperes required 
to produce some one deflection. So also they will 
measure electrical pressure in volts, the numl)er of 
volts required to produce some one deflection being 
ascertained. 
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To measure very weak cui-rentB, and take very 
accurate readings, tlie instrument shown in Fig. 4 



Fig. 4.— The Astatic Galvanometer. 


the position of a B|)ot of light reflected from a 
mirror upon a lengthened scale. The beam of 
liglit becomes a i)ointer or index of no weight, and 
opposing no frictional resistance, and it will move 
over very considerable distances on the scale in re- 
spouse to very slight changes in the position of the 
mirror. Any one can demonstrate the operation 
for himself by the aid of a bit of looking-glass from 
which a ray of sunlight may be reflected upon the 
wall or ceiling of a room. It will be remarked 
that even iinpercoptible tremors of the hand will 
produce large movements of the bright spot, and 
that the extent of these movements will be greater, 
as tlie distance of the light image from the mirror 
sm-face is increased. In this way deflections 
of the galvanometer needle, scarcely possible 
otherwise to perceive, may be observi‘d im- 
mensely magnitied, and their extent accurately 
noted. 

The general arrangement of the reflecting 
api>aratus is shown in Fig. 5. Here s is the 


is generally used. It; has two coils that may be 
coiitu'cted so that the same current goes round 
both in the same direction or in ditfei'eut directions, 
or the coils may be used separately. Two magnet 
needles are employed of ecpial stj'ength and size, 
bound togetlier, as shown in the figure, by a light 
wire, usually of aluminium. They are placed in 
rev(*r.scd positions, so that the force urging one 
to set itself in the magnetic meridian is exactly 
balanced by the force that acts on the oilier. Hence 
the twin needles will remain in any position in 
wliich they are set, indejiendeutly of the directive 
force of tlie earth s magnetism. When a 
current is s(‘ut through the wire coils, the 
needl(‘8 move to the right or left o\er a gradu- 
ated circl(‘. When the deflections are small — 
that is, less than 10^^’ or 12*^- — they are very 
nearly proportional to the strength of tlie cur- 
rents passing. In the apparatus represented 
in Fig. 1 one of the coils has aliout 100 turns, 
the other 10,000. The four binding screws 
(p to o) are in connection with th<* ends of 
the two coils. The needle is liung from th(* 
metal support (e, f, o). The screw (k) serves 
to raise and lower the needles. The number 
of turns in the coils in an instrument of this 
class depends upon the purpose for which it is 
to bo used, less turns being necessary when 
tlie circuit normally contains small resistance. 

The greatest accuracy in measuring the deflection 
of a needle in a gal\anometer is obtained by noting 



Fig. .5 —Reflecting Qalviuxometer. 

mirror reflecting a ray of liglit from a lamp ujKin a 
scale, i (shown more in detail in Fig. 0), the double 


Fig. G.— Lens and Scale. 

convex lens l being for the purpose of making an 
image of the slit m m on the scale. The lamp is shut 
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up in a box, as shown in Fig. 5, so as to prevent a 
general illumination of the "scale. The handle s 
(Pig. 6) works a rack and pinion for moving the 
‘scale hoiizontally, so as to bring the zero mark 
on the scale opposite the spot of light or image. 

Galvanometers of the type above described are, 
as has been stated, extremely sensitive, and for other 
reasons not well suited to the measurement of the 
powerful currents used for industrial purposes. 
For this purpose galvanometers of special construc- 
tion are employed, known as ampere -meters or 
ammeters, and voltmeters, accordingly as they are 
used to give direct readings in amperes or volts. 



Fig. 7.— Ayrton and I’eiry’a Ammettsr. 


The ammoter devised by Profossoi's Ayrton and 
Perry is represented in Figs. 7 and 8. In this 
apparatus a very light magnetic needle, c, can 
move freely in tlie magnetic field formed by the 



Fig. 8.— Ayrton and Perry's Ammeter. 


armatures n and s of the magnet a b. The two 
coils n consist each of ten wires, and are so ar- 
ranged that each deflection of the needle is directly 
proportional to the strength of the current. The 
object of the strong magnetic field is to reduce 
24a 


the influence of the earth’s magnetism to a mini- 
mum. The same instrument is adapted to ineastire 
electromotive force in volts, by substituting for the 
wire coil of low resistance a coil of fine wire of high 
resistance, because with such a coil there is much 
less chance of the potential difference being altered 
by the ciirrent flow through the instrument itself. 

For exact measurement of diflerenoes in potential, 
a very beautiful and accurate instrument, devised 
by Sir William Thomson, and known as the quad- 
rant electrometer, may be employed. A light body 
connected with the inner coat of a Leyden jar, by 
which it is charged, hangs near two bodies, the 
electrical condition of which is to bo tested. The 
difference in electrical condition is measured by the 
resultant attraction of the light body, which lost 
is an aluminium needle carrying a small mirror, 
which serves to indicate the deflection by reflecting 
a l)eam of light upon a scale. The number of 
divisions which the spot of light traverses on a 
scale, measure the diftercncc of potential. 

For practical purposes, however, current galvano- 
meters are employed to measure l>oth the strength 
of the current and its pressure ; the principal dif 
ference between the two tyi)es of instruments being, 
that the galvanometer is made so as to have in 
itself as small a resistance as possible when de- 
signed to measure strength ; while, if it be intended 
to measure electi'ical pressure, its internal resist- 
ance is made as higli as possibh* 

We have now noted very briefly how two of the 
important factors, current strength and electro- 
motive force or electrical pressure, are mea.sured ; 
and, as has been already stated, with this knowledge 
we can easily determine the resistance of the circuit 
by the aid of the simple ratio of current strength to 
electrical pressure and resistance, already explained. 
This, of course, is an indirect method. There are, 
however, various ways of measuring resistance 
directly, the simplest of these depending upon the 
comparison of tlie body the electrical resistance of 
which is to be determined, with a body the elec- 
trical resistance of which is known, or which can bo 
adjusted as may be desired. One of the earliest 
instruments for accomplishing this object was the 
Rheostat, which consisted of a long German silver 
wire of known resistance coiled round a non-conduct- 
ing core so that the coils were not in contact. One 
terminal of the current employed was connected 
with the end of the rheostat coil : and by a movable 
contact piece the other terminal might touch any 
one of the coils, and so embrace any given num- 
ber of coils in the circuit. The rheostat is still 
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employed to some extent, but is mostly superseded 
by the moi’e convenient “resistance-box,” repre- 
sented in Fig. 9. 

Fig. 10 will make clear the principle of its con- 
struction. Two resistance coils are here shown, 
the ends of each coil (the resistance of which is 


previously accurately determined) being connected 
to the brass plates in m, which are divided from 
each other by a small air space. A semicircular 
opening is made in each plate so as to form scats 
for brass plugs, such as s. If now the current 
enters at one of the plates it will flow to the 



Fig. 10.— Resiatanoe Coil and Flag 


insertion or removal of the metal connecting-plugs 
the current may be made to flow through any or 
all of the coils, as desired, and in this way an 
accurately predetermined resistance may be inter- 
posed in its path. 

Having thus provided a standard for comparison, 
we can proceed to measure the unknown 
resistance of any body. 

This can be done in various ways, 
of which the simplest are by what is 
known as the substitution method, and 
by the aid of a very ingenious device 
invented by Professor Wheatstone, and 
hence termed the Wheatstone bridge. 
In the substitution method a complete 
circuit is made with a constant galvanic 
cell — a galvanometer and the wire, for 
example, the resistance of which is to 
be determined. The deflection of the 
galvanometer l)eing noted, the wire to 
be measured is removed, and in its 
stead is substituted a resistance^box 
such as has already been described. 
Resistance is now adjusted until the needle of the 
galvanometer shows the same deflection as before. 
This resistance will be equal to the resistance of 
the wire under examination. 

This method is not a very accurate one, and 



Fig. 11 —Wheatstone's Bridge. 



Fig. 9 -Kosistance Bor 


next adjacent plate m if the plug s is inserted 
between these plates; but if the plug is not in 
place, then the current is compelled to jmss through 
the coil in flowing from plate to plate, A number 
of coils, each one of a different resistance, are 
arranged in the box shown in Fig. 9, and by tlie 


in practice, some form of the Wheatstone bridge 
is far more generally employed. The simplest 
arrangement of the bridge is that represented in 
Fig. 11. 

Four binding-posts (a, c, d) are here shown ar- 
rangofl upon a board. From a to 6 extends a wire, 
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and from b to c extends a wire. These wires ai*6 
equal in length, and in the resistance which they 
respectively offer to the current Between c and d 
are placed binding-posts, g and A, for the convenient 
insertion in circuit of a resistance coil, h. Between 
a and d are placed binding-posts, e and /, for con- 
venience in connecting in circuit the wire w, for 
example, the resistance of which is to be measured. 
One pole of the galvanic cell £ is connected to the 
binding-post a, the other pole to the binding-post 
c. One terminal of the coil of a galvanometer, b, 
is connected to the binding-post d, and the other to 
the binding-post b. 

Suppose now the current to start from the bat- 
tery and pass to the jx)st a. From a it has two 
roads open to it to c ; one road from a to b, and 
thence to c ; and the other from a to (f, and thence 
to c. When the resistances of the wires a, b and 
by c are to each other as all the resistances between 
a and d are to all the resistances between c and dy 
then no current will pass through the galvanometer 
n ; and this gives us a simple ratio as follows : — 

resistanco of n h resistanco oiad 

roaiatauoo of i resistance oid c 

from which wo can easily calculate the resistance 
of a, dy when all the other three resistances are 
known. In practice, the resistances of a 6 and b c 
are fixed once for all. The resistanco in the coil 
R is adjusted until the galvanometer shows no 
current, and then the conditions of the alK)ve retio 
obtain, and the rest is a matter of simple arithme- 
tia Thus if 6 c is ten ohms, and d r, including 
the coil, 100 ohms, and a 6, fifteen ohms, the re- 
sistance of a c? is (15 multiplied by 100 and divided 
by 10) 150 ohms. 

We have now outlined very briefly how the elec- 
tric current is practically measured; its pressure, 
the resistance offered to it, and its strength being 
determined either directly or through their relations 
as indicated by Ohm’s law. It is necessary still 
to illustrate how these measurements are directly 
utilised in determining what work the current does ; 
for of course, no matter what tlie resultant effects 
may be — whether mechanical, chemical, thermal, or 
magnetic — the energy of the current is expended 
and work is done. 

For example, let us first consider the heating 
effect Here we need a heat unit This is arbi- 
trarily fixed as the amount of heat which will 
raise one gramme of water through one degree 
Centigrade of temperature. How many of such 
heat units will a given current generate ? It has 


been determined that this last will depend upon 
the resistance offei-ed to the current, upon the 
square of the strength of the current, and upon 
the time during which tJie current lasts. If, then, 
we measure the resistance and current strength, 
and note tlie time, we shall find that when a 
current of one ampere strength flows through a 
resistance of one ohm, it will develop in its con- 
ductor 0*24 heat unit per second. As another in- 
stance, su])pose that it is to be desired to find the 
rate at which the current is doing work in an 
electric lamp. The strength of the current is first 
measured in amperes, then the electric pressure of 
the current in volts, these factors are multiplied 
together and divided by 746, and the result is the 
horse i)ower \ised up in the lamp. Here we deal 
with electric povoevy and the unit is one ampere 
working through one volt, which is called one watt. 
One horse power is therefore 7 46 watts. 

So far we have dealt, though very briefly, 
with so-called practical units — that is, with the 
standards of measurement most commonly em- 
ployed in every-day w’ork. There are, however, 
other imits, known as absolute units,” which are 
based upon the fundamental quantities of length, 
mass, and time. That is, in order to realise them, 
we start simply with these three abstract quanti- 
ties, in terms of which force, velocity, &c., may be 
expressed. As a unit of length, the centimetre, 
equal to 0*3937 inches, is chosen ; the unit of 
mass is the gi*amme, or 15,432 grains, or the mass 
of one cubic centimetre of water at 4° Centigrade ; 
the unit of time is the second. From these units 
wo can derive others, as follows : — The unit of area 
is the square centimetre ; of volume, the cubic centi- 
metre ; of velocity, that of a body moving at the rate 
of one centimetre per second ; and of acceleration, 
an acceleration of one centimetre-per-second per 
second. It will be observed that all of these units 
are dependent on nothing but the three initial 
standards of length, mass, and time, which, of 
course, are arbiti’arily chosen. 

We can go on and build up, so to speak, still 
more derived units. The unit of force, for 
example, is that force which, acting for one 
second on a mass of one gramme, gives to it 
a velocity of one centimetre per second. As we 
could not well say all this whenever we might 
desire to express this unit, we call it one dy'iie. 
Here, then, is an expression for a force. If we 
act against this force, we must do work. If we 
should push a body through a distance of one 
centimetre against a force of one dyne^ then we 
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should accomplish the unit amount of work, and 
that is called one erg. 

Now, while all the foregoing has been devised for 
electrical uses, it has really no direct connection 
with electrical energy, any more than with any other 
form of energy. It remains, therefore, to indicate 
how electrical units are derived from their funda- 
mental conceptions. 

The first law of electro-statics is that electric 
charges of similar sign repel one another, but elec- 
tric charges of opposite signs attract one another. 
If now we should suppose these two charges col- 
lected at points, the second law of eloctro-statics 
comes into effect; and this is, that the force exerted 
between two charges of electricity is directly pro- 
portional to their i)roducts, and inversely propor- 
tional to the distance between them. Here is a 
force, and an electrical force, to be measured. We 
have already found a standard of force measure- 
ment, the dyne, and with the aid of this we can at 
once reach a standard unit of electrical quantity, 
because we may define it as that quantity which, 
when placed at a distance of one centimetre from 
a similar and equal quantity, repels it with a force 
of one dyne. 

Instead of considering the force exei’ted between 
two quantities of electricity, we may refc-r to the 
force exerted between two magnetic poles, and in 
this way we find that the unit magnetic pole is one 
of such a strength that, when placed at a distance 
of one centimetre from a similar polo of equal 
strength, it repels it with a force of one dyne. The 
result is that we have two systems of electrical 
units — one set based on the force exerted between 


two quantities of electricity, and the other upon 
the force exerted between two magnetic poles — 
and between the two systems there is a certain 
relation. 

It is not practicable within available space to 
trace out the derivation of the units of potential 
and resistance from the above systems. It will 
suffice to say, however, that what are called the 
absolute units are inconveniently small for practical 
use. The volt equals 10** absolute units, and the 
ohm 10® absolute units. Consequently the ampere 
would represent a potential of one volt acting 
through one ohm or 10~^ of an absolute (electro- 
magnetic) unit of a current. But it is needless 
to go further into the details of a subject which 
bristles with technicalities, many of them of 
such recent invention as not yet to be completely 
incorporated into the accepted language of the 
science. It will suffice to add that the selection 
of measuring instruments, the modes of their 
use, not to mention the various “ methods,” in- 
volving often the highest orders of mathematics, 
largely depend upon individual experience and 
preferences. While the general principles in- 
volved remain of courae the same, their applica- 
tion widely diffei’S, in accordance with particular 
adaptations of electiicity to practical usea The 
reader will find that telegraph engineers prefer 
certain methods and instruments ; electric- light 
engineers other apparatus and methods ; and only 
amid the refinements of the well-equipped physical 
laboratory will attempts at measuring the wonder- 
fully minute currents which influence telephonic 
transmission be attempted. 


THE EAINBOW. 

By William Ackroyd, 

Member of the Physical Society, London, etc. 


T hat which to the Romance races is arch 
in the heavens^ and to those of Teutonic 
descent the rainbow^ has ever been a s<mrce of 
delight to all, and the theme of endless allusions 
by the poeta Neglecting the poetry, let us try 
and get at the philosophy of the ethereal bow,” 
as Thomson terms it. To that end, we will first 
glance at a scene which we have probably beheld 
hundreds of times before without noticing those 
features to which we shall now direct our atten- 
tion. Before us stretches a broad landscape, diver- 


sified by hill and dale. Farm-houses are seen here 
and there, likewise patches of forest, and winding 
in and out a river pursues its sinuous courae until 
it is lost to sight behind a distant hill. To the 
back of us is the sun, and before us dark clouds 
that portend rain. Presently, we can see in the 
distance that it is raining ; and there now springs 
into view, ss if by magic, a many-coloured bow, 
reaching into the heavens, and being lost imper- 
ceptibly on one side in a meadow, and on the other 
embosomed in trees. With more marked attention, 
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we see a second bow outside the first, and much 
fainter in appearance. The order of the colours is 
not the same in both, for in the inner or jyrimary 
bow red is on the outside and violet on the inside, 
whereas in the iecondary and fainter bow red is on 
the inside and violet on the outside. 

Let us observe the phenomenon mider other con- 
ditions. We are now by the side of a fountain 
whose jets of water are thrown high into the air, 
and there scattered into a thousand particles, which 
spai'kle in the sunbeams. Walking leisurely around 
the basin, we notice tliat in one position, and in that 
only, we can see portions of a rainbow. Our back 
is turned to the sun, and our face towards the 
water-drops. 

Wo may infer, then, from these sepamte observa- 
tions, that there are certain conditions essential to 
the production of one of these coloured bows; 
first, we must have rain, whether it l)e the out- 
j>ouring of a cloud, or tike sjiray from a fountain ; 
secondly, the light of the sun must fall on this 
rain when the observer is in a certain position at 
some point between the sun and the shower ; and, 
thirdly, we must face the shower. To get at the 
explanation of the rainbow, we have therefore to 
consider the action of rain-drops on light ; and at 
the outset we shall have to inquire into the nature 
of the latter. 

Physiologists tell us, and it admits of easy proof, 
that all our feelings or sensations are produced by 
an agitation of the nerves of the sensory organs. 
This agitation is transmitted along the nerves to 
the brain, and there awakes in us a state of con- 
sciousness. Thus, when air is suddenly and greatly 
disturbed, it beats against the drum of the car, and 
certain little stones within that organ are ultimately 
set in motion. The ear-nerves are agitated, and the 
disturbance being convoyed to the brain, there pro- 
duces the sensation of sound. 

Similarly it sometimes happens that a fall from 
a height is accompanied by the sensation of a flash 
of light ; and the appearance is well known to pug- 
nacious youth, who often, in their encounters, upon 
getting a smart blow in the region of the eyes, mo- 
mentarily imagine sparks of fire have danced before 
them, and speak of the phenomenon as “fire” being 
struck in their eyes. We with less bellicose ten- 
dencies may assure ourselves of the fact that the 
sensation of light can be produced by pressing a 
finger against one side of the ball of the eye 
moderately hard, and working it up and down. 
Although the eye is closed, we see a pale-white 
image which moves in a contrary direction to that 


of the finger, and it is evidei.t that somehow or 
other we have agitated that large nerve which leads 
from the back of the eye (retina) to the brain, and 
is known as the optic nerve (p. 165). 

Bearing these facts in mind, it is possible to frame 
some hypothesis of the nature of light, and we shall 
now in a few short paragraphs present to the reader 
that which is the outcome of ages of labour ; for the 
progress of discovery is necessarily a ziz-zag one, 
and were we to minutely describe those wanderings 
of the mind, first to the right and then to the left, 
in the development of this branch of science, we 
should take up much mol’s space than that allotted 
to us. 

On the table before me stands a lamp burning 
brightly. Tlirough the instrumentality of the parts 
of the eye it has produced in me the sensation of 
light, and the question arises, By what means has 
the back of the eye or retina been agitated to give 
one this feeling] Using our common sense, we 
know that motion, to be sent to a distance, must be 
communicated from one body to another. When 
we see the last of a long train of previously 
stationary carriages give a start, we know that the 
locomotive backed up against the first one, and 
that the first was thus thrust against the second, 
and so on, imtil the last carriage had been affected, 
A piece of cork floats on a still jkond, and, being 
disturbed by no bi’eath of air, is perfectly stationary. 
We throw a stone into the water some distance 
from the cork. Anon, the cork dances up and 
down, being now on the crest of a wave, and a 
second after in a hollow. Motion has plainly been 
given to the cork, and in the following manner : — 
At the spot where the stone sank, the water was 
disturbed, pushed down, and thrust away on every 
aide. The wave-motion then commenced was trans- 
ferred from one water-particle to another, and in 
the course of this transference the cork was passed. 
Plainly, if the water supporting the cork had been 
invisible, the motion of the latter up and down 
would have been sufficient evidence of the trans- 
mission of force from the stone to the cork, 
and therefore of the existence of the water. To 
draw an analogy : The flame of the lamp before me 
consists of atoms of carbon, hydrogen, and oxygen 
dashing about in the wildest manner imaginable, 
but on account of their excessive minuteness this 
fact has only been made out by a long course of 
patient research. This motion of the atoms in the 
flame has been transmitted in some way to the 
back of the eye, and thence the disturbance has^ 
been sent along the optic nerve to the brain 
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Nw ilbmit medium vbieh tnmmite the 
eUhinigh invimUe, we waj readily ascertain 
a lew important partioularB. Upon interposing 
a pieoe ol plate-glass between the ^e and the lamp, 
1 still see the dame, whence one may infer that the 
motion ha ft been transferred through the glass 
— or, to be more exaxst, that the medium which 
transmits the motion exists among the particles 
of the glass. It is hardly surprising then to find 
that this medium likewise exists in the most 
perfect empty space that was ever made ; for 
light can be sent across such a vacuum. This 
remarkable medium is known to scientific men as 
the luminiferous stiver. Besides existing in what 
one would call empty space, and even in solid bodies, 
it has some other qualities that are veiy striking ; 
and one of these is tlie quickness with which it 
transmits motion. If a bonfire were lit 186,000 
miles away, we should see it exactly one second 
after ; in other words, the impulse travels in 
ether at the enormous rate of 186,000 miles per 
second. Wo can fonn only a very inadecpiate idea 
of this great speed, even when wo contmst it with 
other great velocities. Often when on one side of 
a valley have I seen a qiiarrymau lift las mall and 
give a swinging blow to a stone. Between the fall 
of the hammer and the report reaching me there 
was a i)erceptible lapse of time — somewhere alwut 
five seconds (p. 125). ThequaiTy was a mile away. 
Wliilst sound was tmvelling this distance, light 
would have traversed 930,000 miles I 
Such a rate of motion for all teiTestrial distances 
would seem instantaneous, and it was not until the 
right construction was put upon a remarkable 
astronomical phenomenon that light was di8Co\ered 
to require time to travel through interstellar space. 
If the reader be the fortunate possessor of a good 
tele8CO{)e, upon turning it towards Jupiter he will 
see that this planet is accompanied by moons which 
look like small dots of light. At regular intervals 
they enter Jupiter’s shadow and are eclipsed. 
Confining our attention to the first moon, we 
should find that the interval between tw’o eclipses 
is about 42 hrs. 28 mins, and 36 secs., and it 
would be possible to predict the time at which any 
eclipse would take place in the future, for it 
requires only a simple matter of multipliction; thus 
the ninety-ninth eclipse from now ought to take 
place in 99 times 42 hiu 28 mins. 36 secs. In 
this way Roemer, a Danish astronomer, aigued, but 
he found that his observations did not agree with 
his calculations, for when the earth was on the side 
of its orhit farthest aroay from Jupiter, the eclipses 


were found to be about 16 mins, beldad the tiuie 
calculated at the point nearest to this pIsMt 
It struck Boemer that this retardaticn 
possibly be owing to the &ct of light taking ahonl 
16 mins, to travel across the earth’s orbit, and 
that if such were the case, it ought to follow that 
as the earth gradually neared Jupiter again, the 
apparent error should grow less and less. Roemer 
found this to be the case. It was an easy st^ 
now to calculate the 8|)eed of light, for it was only 
necessary to divide the diameter of the earth’s 
orbit in miles, by the number of seconds required 
to pass over it. Since Roemer’s time the rate at 
which light travels has several times been ascer- 
tained in quite difierent ways, and the results have 
been sufficiently near to his to make one firmly 
l)elieve that the Danish philosopher’s inference and 
subsequent calculations were coii*ect. 

light travels in straight lines. On a dark and 
misty night the beams from a j)oliceman’8 bull’s- 
eye ” lamp may be readily seen to take a perfectly 
atmight path; and virtually the same experiment 
forms one of the usual stock of our loctui’o devices 
to illustrate this jiomt. Under ordinary circum- 
stances, a room is full of dust-j)articles which the 
eye caimot see, but if the light of an electric lamp 
be sent across them when the room is darkened, 
the scattering of the light from these paifrcles 
readily reveals their presence, and they also serve 
to show, like the mist and smoke-j)articlcs, that 
light travels in stniight lines. 

Thei-e are many points of i*eRemhlancc between 
the motion of a water-wave and that of an ethereal 
impulse. One of these may be conveniently 
studied here. The only instrument we require is 
half a circle of paper graduated into degrees (Fig. 1 ), 



FigT' 1.— Scale wherewith to measare Angeles. 


and having pi*ocured this we shall then be prepared 
to institute a few comparisons. 

The reader may probably have noticed the com- 
motion which is made in the water when a steamer 
passes up a river. On each side of it a long wave is 
produced, which moves towards the shore, and the 
most noticeable feature is that when this wave has 
reached the embankment it is sent back in a 
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direction c d. Now, if from the point c we draw a 
line (c e) at right angles to c yj we shall find by the 
use of our paper scale that the angle b c e is equal 
to the angle e c d. If we agree to call the angle 
bee the angle of incidence^ and the angle e c the 
angle of reflection ^ then we may assert of wave- 
motion that tlie angle of incidence is equal to the 
angle of reflection. This applies to that particular 
kind of ethereal wave-motion which we call light. 
Innumerable proofs may 1)6 given of this ; we shall 
content ourselves with giving one or two. Supt) 08 e 
we had a thin and straight piece of wood fixed by 
means of wax on the face of a looking-glass (Fig. 

3), and at right angles 
to it. Then upon 
bringing the mirror in 
front of the beams from 
the bull’s - eye lamp, 
the mist* would readily 
reveal the direction of 
the reflected light, and 
the eye woidd at once 
perceive that the angle 
made by the upright 
piece of wood with the 
incident l)eams b c, is equal to that which it 
makes with the reflected bundle c dy and this 
could be proved to the satisfaction of the most 
scrupulous by means of the graduated paper 
scale. 

This law of the equality of the angles of incident 
and reflected rays will make plain many things 
which before seemed strange. Prop up a looking- 
glass on the table. Lay now a sheet of paper in 
front, and place a small piece of adhesive pajjer on 
the lower portion of the mirror. A button {b) 
placed on the extreme left will be seen in the 
mirror on bringing the eye to the right. Move 
* The smoke of brown paper will answer the same end. 
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th« eye until the images of the button (() and the 
label e (Eig. 4) are in same line, and place a 
second button in this line on the ri^t-hand aida 
Now upon drawing three straight lines upon the 
paper, one from the label at right angles to the 
glass, and two from the buttons towards the 
label’s image, it will be found that the two angles 
thus formed are equal to each other — j.s., that the 
angle 6 c s is equal to the angle e c d. It is 
necessary to say here that things which, like the 
buttons, do not give out their own light, are seen 
by borrowed or reflected light. A lamp shines and 
gives out its own lijaht, but all other objects in the 
room send back this light, and are thus made 
visible. In our present experiment, the daylight 
reflected from the left-hand button strikes the 
glass at the part where the image of the label is. 



Fig 4. — How wo see ourselves in a Mintir. 


and it is necessary, if we want to see the button in 
this ix>sition, to bring the eye until the angle of 
incidence is ef^ual to the angle of reflection. Hence 
it is that when viewing ourselves in a mirror we 
must be diiectly opjwsite to it, for if we move to 
the right or left we can no longer see ourselves 
reflected, but may be seen by an observer placed to 
the left or right of the glass, as the case may be. 

We have so far dealt with the movements of 
light in one medium ; but ether j>ervades nearly all 
things, and laves the ultimate particles of which 
they consist, and these particles in their turn 
materially influence ethereal motion. Light, for 
example, travels much slower in glass than it does 
in air, and when motion is transmitted from the 
ether in air to that which pervades glass — or, to use 
the customary phmseology, when a ray of light 
passes from air into glass, such is the nature of the 
ether-waves that a twist is given to the direction of 
the ray at its point of entrance, and the straight 
path of the ray within the glass is not in the same 
line as that of the ray outside it. Such a breaking 
of the direction of a ray of light is called rqfraction^ 
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and there are some very curious points connected 
with this phenomenon which I shall proceed to 
explain. 

Put a small coin at the bottom of a basin (Fig. 6), 



hlTTCi ffii7rif;^a y 

Fig. 5 —Bofractiou Expenment. 


and place the oyv so that the money is just hidden 
from sight by the side of the vessel. Now pour 
some water into the basin ; the coin is brought into 
view. Tliis is due to refi*action. Let the accompany- 
iug figui’e I’epi’esent the conditions of the experiment. 
The eye placed at e sees the coin apparently at f 
when the vessel is filled with water ; join e and / 
From h dmw 6 a at light angles to the surface 
of the water, and produce the line h a to d. Al- 
though the coin seems to be at it is rcall}'^ at c ; 
join c h. a h e the angle of incidence, and ch d 
is called the angle of refretetion. This is what has 
happened. Tlie bon*owod light jirocecding from c 
in the direction c 6, has, immediately upon enteiing 
the air, taken a fresh direction, he; and as our 
experience leads us to su])i>ose that objects rest 
somewhere in the direction of the itiys which 
apparently proceed fi*om them to the eye, the mind 
naturally judges the fiosition of the coin to l)e at f 
The apparent bending of an oar, when di])|)ed into 
the water, is due to the same cause. 

Procure one of those three-sided glass pendants 
which ornament chandeliers, and look through it 
at vaiious ODjects. Everything seems disjdaced. 
This, the reader will now readily understand, is due 
to refraction; but, in addition, objects are beautifully 
fringed with colours. Tlie latter phenomenon is like- 
wise due to refraction, and may be best explained 
by describing a famous experiment, the true 
significance of whicli was first made out by Newton 
(Fig. 6). Through a round hole in a shutter, a 
ray of light (a) from the sun passes into a dark room 
in the direction A K ; when, however, a piism of 
glass (p) is placed in its path, the bundle of rays are 
bent out of their course, and cast on the wall ii i, 
there exhibiting the seven colours of the rainbow — 
red, omuge, yellow, green, blue, indigo, and violet. 
By a critical examination of this experiment, one 
readily sees, firet, that the light has been refracted in 
its passage through the prism; and, secondly, assum- 


ing the light to have been of a compound nature 
before entering the prism, we see that, of its conr 



Fig. G. — Breaking up of a Bay of Whito Light. 


stituents, red is least refracted, and violet most sa 
Hence, when we before examined objects with the 
])ri8m, they appeared fringed with coloui’s, l)ecause 
the light coming from them was split up in pass- 
ing through the prism-sha})ed pendant to the eye. 

By taking a second prism, and arranging it as in 
Fig. 7, the light, 
which before was 
split up, is now re- 
combined, and the 
emerging ray E con- 
sists of white light. 

7 —Rocombmation of the Consti- 
These experiments . tnents of White Light. 

may be readily per- 
formed by tlie remler, and as diagrams convey but 
a faint conception of these phenomena, wo would 
strongly advise him to rejieat them. 

We may now turn to investigate the influence of 
rain-drops on light ; hut seeing from the foregoing 
experiments the imjxirtance of shape in this action, 
we must first inquire into the form of a rain- 
drop. 

Wc need not go far to ascertain this. It has 
just been raining, and a single glance outside 
shows one that a (Imp of water has a tendency to 
take the form of a globule, jicrfectly round. I see 
this in the drops hanging outside the casement, 
and sus])ended from the tips of the gi’een leaves, 
the little balls of water, ever on the point of falling, 
acquiring a more and moi*e spherical form, until 
they drop, and in mid-air attain to that perfection 
of rotundity which we call a sphere. Tliis, however, 
only half satisfies us, and we determine to watch the 
falling rain-drops in the next shower. We try to do 
so, and are defeated. They fall so fast that the eye 
cannot follow them, and instead of spherules, they 
seem like streaks of rain. The artist catches this 
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idea ivell in representing a shower of i-ain by a 
series of parallel linos. 

This is what has happened : The light from a 
rain-drop (Fig. 8), when at a, produces an impres- 



Pivf 8.— Bam Shower, illustrative of the PorBistencc of Impressions 

sion on the retina, which lasts for about Jth of a 
second ; hence, long before the impression has died 
away, there are other images produced, continuous 
with the first, foi' the drop is quickly falling, and 
the continuity of these impressions gives the idea of 
a line of rain. Tliis phenomenon, known as the 
persistence of ImpressionSf is dealt with minutely in 
another paiier.* 

It is therefore useless to watch the falling rain- 
drops. Sometimes, however, they are frozen in 
their passage hithei'ward by passing through a 
stratum of very cold aii’, and in tlie hailstone we are 
jiresented with that fonn which we sought in vain 
to discern in the falling spherule. Tyndall has seen 
hail fall among the Alps in which each stone was 
perfectly round, the rain-di*ops having solidified in 
their descent. And, indeed, it would seem to be 
a geneml law that small portions of liquid should 
take this spherical form in virtue of those foives 
whicli bind their paiiiicles together when they are 
falling under the influence of gravity. In applied 
science we have a good example of it in the manu- 
facture of small shot or pellets. Ijadles of a pecu- 
liar form are filled with molten lead, into which a 
little ai’senic has been put, and the metal in this 
fluid condition is spiinkled from a great height 
into a well of water. Drops are formed, which in 
their fall become partially cooled, and, solidifying 
in their descent, are perfectly round. The experi- 
ment is in every way analogous to the production 
of hailstones; and from these considerations we may 
safely say that a rain-drop is spherical. It remains 
* Optical niuaiotia, p. 164. 


for us to ascertain how sych a sphere of water 
affects light. We propose to do so in an exceed- 
ingly simple manner. 

Take a flask, and fill it with water. It must 
ho of plain glass, as with a cut and ornamented 
deciuiter prismatic effects are introduced, which 
confuse tlie observer. Let such a flask of water 
represent a min-drop, and take a lamp to I'epre- 
sent the sun. Now place the flask at the back 
left-hand comer of the table, and put the lamj> at 
the front left-hand comer. With the eye on the 
right-hand side of the ]am]> one may now see two 
images of the latter on the front surface of the 
flask, and two images on its back surface. We 
shall only concern ourselves with the brighter of the 
two images reflected from the back of the flask. 
Move the eye further to the right ; then, just before 
we lose sight of the image, wo sliall see that it is 
l>eautifully coloured red on the left-hand, and blue 
to violet on the right-hand side. The light from 
the lamp is falling on all parts of the flask, and it 
is thei‘efor(' necessary to find out where the light 
ontci's whicli jiroduces the image we are observing. 
Prop up a book on the left-hand side of the flask, 
so as to intercept the light falling on a very small 
jiortion of that side of it. Upon placing the eye 
in the old position, we can no longer see the image. 
Hence the light entera the left-hand side of the 
flask, and comes out at the right-hand side, as it is 
there we see the image. In its passage it has been 
slightly affected, as the imago is red on one side 
and violet on the other; the flask full of water 
has acted upon the light just like a prism of glass. 
The very spots whciv it enters and emerges may 
be ascertained by repeated ^ tiials with ad- 
hesive paper of this shape infc , which just 
admits the light forming the image to pass 
through. There is only one reflection at the back 
of the flask, and the precise position of this part 
is easily shown to be midway between the points 
of entrance and emergence of the rays. We are 
therefore now in a position to make a dmwing, 
representing the flask by a circle, and the lamp- 
lieams by straight lines (Fig. 9). 

Let ABC stand for our fliisk in section. The 
rays from the lamp l proceed in the direction L a, 
and are bent within the flask into the direction 
A B ; from B the in^age is internally reflected in the 
direction B c, and the emergent rays proceed from 
c to the eye placed at E. From e diw E r parallel 
to L A. Now if we were to move the flask and the 
lamp to our right-hand side to the positions given by 
the dotted lines, all the while keeping our eye in the 
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same position, then we should find the same apj)ear- 
ance as before, only that the coloured fringe of the 
image is apparently reversed, red being now on the 
right-hand side of it, while violet is on the left. Con- 
ceive of a number of such flasks being arranged in 



Fig-. 9.— niustratos the Formation of a Primary Raintiow 


an arch, such that the coloured i‘ays proceeding 
from each to tlie ey(* would make an angle with 
the line k f e<|ual to c E f, which the readcT may 
readily ascertain is about 42^, then we should have 
a coloured bow of lamp-images, with the red 
portion on the outside and the violet on the inside. 
The piimary rainbow is formed exiictly in the samo 
manner. 

Heavenly bodies, like the s\in and moon, are so far 
distant that their rays fall on all objects within the 
Iwunds of the horizon in a sensibly panillel direc- 
tion ; hence it is that, howsoever fast a youngster 
may mn in the endeavour to outstrip the moon, 
this luminary seems to keep pace with him on tho 
tops of the neighbouring hills. The reader will 
therefore see that all the niys which enter the iiiin- 
drops are pariillel to each other, and that if the 
eye be placed at a proper angle to certain of the 
emergent nxys, as in our experiment, then a bow 
will be seen in the air consisting of seven colours, 
with red on the outside and violet on the inside ; 
and this bow will be formed of an infinite nunil)er 
of overla))j)ing images of the sun. 

The secondary rainbow is formed by rays reach- 
ing the eye which have l)een twice reflected within 
the drop. Such a drop is I’epresented in Pig. 10, 
and the reader will now, after the examjde we liave 
given, succeed in ascertaining the similar eflect 
when the flask and a lamp are employed. The 
points to make out are : (1) The dis}X)8ition of the 
coloured fringes, in this case the opi> 08 ite of that 
which obtains in a primary bow ; and (2) the angle 
^50® to 54®) which the emergent rays make with a 


line drawn from the eye pamllel to the lamp-beams 
falling on the flask — i.e., the angle D E F. 

The time of day at which a rainbow apjiears is 
generally regaixled by farmers, shepherds, and 
others accustomed to out-door work, as a weather- 


.sign ; thus, if it apjwsir in the morning it is looked 
mxm as the preciu’sor of wet and stormy weather, 
but if it apjHiar in the evening, then it is thought 
to precede dry and line weather ; hence the well- 
known doggerel : — 

“A rainbow in the morning 
1 b tli(' Bhcpheid’s warning ; 

But tho rainbow at night 
Ib Iht Hhophoid’s delight.” 

Meteorologists tell tis that there is some tiiith 
in this popular notion, and tho misons they give 
are these : A minbow in th(» moiiiing is .seen in 
the west when the east is clear. It is indicative 
of th(* advance of the min-cloud towards the 
observer, ami, moreover, from the time at which 
it hap])ens— morning — it points to tho inci*easing 
moisture of the atmo.sjdiei'e. Wet and stomiy 
weather is the natural secpience of such a con- 
juiicture of circumstances. On the other hand, 
when a minbow is seen in tho evening, we have 
a reversal of these cii*cumstances, for the bow 
appeal's in the east when the west is clear; the 
rain-clouds arc receding from the observer, and the 
atmosphere is liecoming di'icr. Pine weather neces- 
sarily follows. 

Lunar rainbows are occasionally seen, but as the 
moon shines with light liorrowed from the sun, 
thei'e is nothing remarkable in one of these bows. 
They are formed in exactly the same way, and pre- 
sent the very same features as those we have 
already described. 

Can a rainbow be reflected from a sheet of water 1 
This is a question which has often been discussed, 
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and is all the more interesting because of the battles 
that have been fought concerning it. I propose to 
deal with it in a practical manner^ and shall there- 
fore describe a simple little experiment I have 
devised for that purjwse. 

We reciuii’e a glass flask full of water, a lamp as 
before (l), and, in addition, a looking glass (Fig. 11). 

He 


Now dispose tlu' flask and the lamp ns I’epi'esented 
in Fig 9, only ]>lace the mirror at e instead of the 
e\ e, and let its polished face be turned towards the 
lamp and glass. Stick a small piece of pa])er on 
that side of the flask at which the colout^d image 
apijoai's. Upon looking in the mirror so as to catch 
the lecture of the flask at the proper angle, se\ei'al 
intenstdy coloui’ed images of the flame will be seen 
under the labelled portion. The manner of making 
this experiment is shown in Fig. 11, wliere the eye 
of the ob.ser\er is so placed as to intercept the 
coloiu’ed imago of the flame reflected from the 
minor at e. Whilst in this position, turn the eye 
away from the minor without altering the position 
of the head, and, uioi-eovor, turn the eye towards 



the portion of the flask under the pai)er; no 
coloured image can he eeen* This shows that when 


we aio so placed as to see^tht coloured image re- 
flected from tlic mirror wo ai*e not in a position for 
seeing it on the flask itself. 

Let us now put our losult in the shape of a 
diagram, so that we may be the better able to see 
what it teaches us. 

The observer l)eing placed at o (Fig. 12), in look- 
ing into Natiire^s mirror, a still sheet of 
water, sees a rainbow (a d b), hut does 
not ol)serve a rainbow in the aii’ cori’e- 
sponding to it. For the diop c sends its 
coloured light to E, and thence to the eye 
just as ill our flask (experiment, and con- 
setpiently a rainbow is seen in the water, 
but none in the air, with its feet attached 
to those of the ixeflected bow. Since the 
shower is of some extent, it follows from 
what wc hav’e already learnt that those 
dioj>s neaier to the observt*r than c — say, 
for (‘\am])le, all similarly situated as C’' — 
wliose emeigeiit coloured light eiitei’s the 
ey(e directly, will form a rainbow in the 
air which will be visible. 

Jt has law observed that wlum a 
rainbow is seen, and another at the same 
time reflected from water, the feet of tlie lattei 
apj)eav within those of the foimcr, although the 
Older of the coloui's is the same in botli — t.e., 
red on the outside, and violet on the inside. This 
peculiarity has been seen by Mr. Crookes and other 
observers. Still, the phenomenon of reflected rain- 
bows is an exceedingly rare one, there being so 
seldom the requisite combination of conditions to 
produce them — viz., such as a bright bow, an ob- 
seiver in the neighlx>urhood of a suitable piece of 
water, and tlie water traiuiuil enough to reflect the 
light. We have an instance on record where the 
flat wet sands of the sea-shore acted as a mirror, 
producing a reflected rainbow almost perfect in 
form and colour. The watery surface of the sand 
l)ehaved almost like a looking-glass. The observer 
was Prof. Stanley Jevons, who had just been writing 
an account of a rainbow he had seen reflected in 
the Hardauger Fiord some two yearn before. 

Sir David Bi*ewRter, in his “ Ti’eatise on Optics,” 
describes a I'emarkablo i‘ainlx)w wliich was seen by 
Dr. Halley iii 1698 Halley was walking on the 
walls of Chester, by the side of the river Dec, 
and saw the usual primary and secondary bows, 
and l)eRides these a third, which, springing from the 
feet of the primaiy, extended up above tlie latter, 
the top of its bend coinciding with the summit of 
the secondary bow. The order of the coloui’s in 
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this third bow was the same as in the primary; 
hence, whei*e the secondary and the tertiary bows 
overlapi)ed, thei'e was portion of a silveiy arch, for 
hero there was a i*ecomi)osition of the coloui*s which 
constitute white light. 

Since that time tliis rare phenomenon has often 
been seen, and it is noteworthy that the sun has 
genei-ally Iweii near tlie horhson, and the observer 
has had a sheet of water to the back of him. Hence 
it is thought that such nonconcontric bows are })ro- 
duced by light which has fiinst been reflected from 
Uie water’s surtace before striking the rain-drops. 


little drops of great minuteness, it comes within 
our piovince to give an account of the rainbow 
phenomena produced by them, and which are at 
times seen by mountaineers, balloonists, and otheis 
favourably circumstanced. On the 14th of February, 
18 7. ‘3, M. Tissandier, the famous a^Jronaut, in 
making a balloon-ascent saw the following remark- 
able phenomena : — He and his party had passed 
through a mass of clouds, and reached some 164 
feet beyond, when the shadow of the balloon was 
seen on the plain of mist below, luid a circular 
rainbow wtis observed to suiTound the shallow of 



Fitf. 13 ,— Peimart a»d Sbcoedary Rainbows. 


Professor Tait* describes part of one seen at St. 
Andrews, in September, 1874. Its incompleteness 
was due to the fact of the observers being stationed 
considerably south of the estuary of the Eilen, as 
from the latter the light was j)rcsumably reflected. 

With a brilliant siui, and rain-drops of about 
^^th of an inch in diameter, what are called 
mpemumerary hows may occasionally be spen. 
They a]) 2 >ear within the primary bow, and look like 
repetitions of it. They are foimed of the same 
seven coloui’s, in the same order, and seem con- 
tinuous with the primary. Dr. Young has ex- 
plained the formation of these supemumera/ries on 
the principle of interference, a subject which will 
be fully dealt with in a future paper. 

Since clouds are masses of vajwm' condensed into 
• Nature, vol. x , p. 437, 


the car. The how exhibited the usual seven colours, 
red, orange, yellow, green, blue, indigo, violet — the 
violet l)eing on the inside, and the red on the out- 
side of the circle. Fig. 14 is a sketch of what was 
seen at this stage. At the time the obseiwation 
was made they were 4,430 feet ^bove the level of 
the sea. The same phenomena have been repeatedly 
seen by travellers when on the tops of moimtain 
peaks, with the sun overhead and a plain of clouds 
below. 

On the occasion of which we have been speaking, 
M. Tissandier and company, when descending, a 
little later, towards the clouds, saw a couple of 
silver-coloured bows, elliptical in shape, and con- 
centric with each other. White rainbows have been 
seen by other observers. Lieut.-Ck>]onel Sykes f 
f ** PhiloBophical Transaotioni/’ 1835, p. 135. 
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tells of one which he saw at Poonah during a fog. 
He says : — “ I had mounted my hoi’se shortly after 
daybreak in 2}rosecution of my accustomed ride, and 
galloi)ed a few miles towai’ds the east. Suddenly I 
found myself emerge from the fog, which tenninated 
abruptly in a wall some hundred feet high. Shortly 
after suni'ise I turned 
my horse’s head home- 
wards, and was sur- 
prised to discover, in 
the miirnl termination 
of the fog, a perfect 
rainbow, defined in its 
outline, but destitute 
of prismatic colouis” 

There is one other 
matter with wlncli 
we must biiefly deal. 

Light which lias been 
reflected at a certain 
angle, seems almost 
or quite extinguished 
when viewed through 
certain crystals ])ro- 
])eiJy disposed. Thus, 
if the light reflected 
fiom th(‘ suiTace of 
a ]»ond be examined 
through «i crystal of 
Iceland Spar specially 
altcixjd for the ])ur- 
pose, a Nicol’s pnsni, 
then, in a certain jiosi- 
tion, the face of the 
jxmd will appear dark. 

Light with this jk*- 
culiar projierty is, 
when reflected, said 
to be polarised. Tlie 
light from a rainbow 
is polarised, and if 
the bow be examined 
by a crystal of the right material in a certain 
position, it will appear to vanish, coming into sight 
again as the crystal is turned round. Here we 
may illustrate the fact by observing the coloured 
image in the flask experiment with a NicoFs prism. 

Tum down the flame so as not to give too in- 
tense a light Matters being disposed as in Fig. 9 , 
with the eye at £, and the flask at a b c, examine 
the coloured image at c through a NicoFs prism. 
Turn the Nicol slowly round on its axis, and it 
will be found that in certain positions the coloured 


image of the lamp nearly d-sappears. The light 
has plainly been paiiiially polarised by ][)as 8 ing 
through the filled glass globe. So it is in passing 
through spherules of water ; and Biot in France, and 
Brewster in this country, discovei’ed that a rain- 
l)Ow, when viewed through a crystal of tourmaline, 

or a Nicol, vanishes 
quite away fi'om the 
bight, to reapi)ear as 
the crystal is further 
turned on its axis. 
Such is a brief account 
of the remarkable ap- 
peai-ances jnesentcd 
by the collective 
action of rain-drops 
on light, and lience- 
foith our readers will 
see in a rainbow not 
only a simple i-ainbow 
and nothing more, but 
also a beautiful ex- 
ample of the linen ing 
action of certain uni- 
versal laws. 

In reviewing 's\hat 
w'e liave learnt, we 
must bo care»ful to 
distinguish l>ctween 
fact and theory, for 
in investigating and 
interpreting natui'al 
jihcnomena, which is 
the aim of physical 
science, we can pro- 
ceed only a ceii;ain 
length with jieifect 
contidenco. Tlius, the 
rainbow is a complex 
phenomenon, and in 
the 00111*80 of our in- 
vestigation we have 
resolved it into its component phenomena of 
refraction and reflection. So far we are keej)- 
ing on safe ground. When we come, however, 
a step further, and jiroceed to examine into the 
nature of reflection and refraction, we are obliged 
to assume the existence of a jieculiar fluid which 
has been named ether. This ether may exist, or it 
may not. On tlie assumption that it does, we are 
able to explain numberless phenomena which other- 
wise would remain inexplicable, and this is the use 
of the hypothesis of an ether. 



Fig. 14 .— CxSCULAB Baikbow. 
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FLYING REPTILES. 

By H. Alleynb NicnoLttON, Sc.D., F.L.S., 

Prqfouor of Naiufol JSiftory in iho Univornity of Abifddon, 


O F all the powers possessed by one or other of 
the varied tribes of animals, there is none which 
has been moi*e universally alike the admiration and 
the envy of the human race than that of flight The 
philosopher lias investigated the mechanism by 
which the binl or the insect is able to mise itself 
above the ground ; and the ca^iacity for traversing 
swiftly the vivst and wandering fields of air has 
formed tlie theme of many a 
poet ; while even the most 
commonplace of mankind is 
fain to gaze in wonder as he 
the hawk sailing in 
graceful circles, with wdde- 
extended pinions, o’er liis head, or as lie 
watches the mpid evolutions of the un~ 
tiring swallow. At the present day, the 
only animals which are endowed with the mar- 
vellous power of alirial locomotion, or of 
flight” pro|>erly so called, are the birds, the 
insects, and the bats; some of the two former of 
these groups being, however, unabU* to sujiport 
themselves in the air. Speaking generally, thei'e- 
forc, these thre(» kinds of animals are the only 
ones which possess the jiower of “flight;” but the 
object of this i>aper is to show that there formerly 
existed animals belonging to a difTcrent class — 
namely, to the class of the Reptiles — which w€‘re 
likewise capable of flying; and in pursuit of this 
object wc must explore the ix^ccssesof the past, and 
cai-efully examine some of the bones which geo 
legists h.avc exhumed from what are called the 
Secondary Rocks ” 

While we have this definite object in view, and 
while we must leave to abler hands than ours the 
discussion of the laws and conditions under which 
flight is carried on, it is, nevertheless, necessary 
that wo should just consider for a moment what we 
mean by the term ‘ flight,” for a great deal turns 
uj)on our accurately understanding this. Now, in 
the strict sense of the term, the i>ower of fliglit is 
limited to the jiower of luising the body above the 
snifiice of the eartli, of supj^orting it in the aii*, 
and of trausjiorting it from jilace to place in the 
atmosphere. Accepting this definition, the only 
animals which now possess the power of “ flight,” 
as before said, are the birds, the insects, and the 


bats ; and all of these fly by means of organs 
are technically and popularly called ‘‘wings.*' These 
wings aro organs which are differently constructed 
in each of the three groups of animals just men- 
tioned, but which, in each case, are instmments 
adapted for beating the air by successive strokes, 
and moved by special muscles. All animals, then, 
which fly have “ wings,” in the above wide sense of 
tlic word. There are, liow^evei*, many animals now 
existing, which are often sj)okeu of as “ flying ” ani- 
mals. though, in truth, they possess no power of 
‘ flight.” The animals, for examjde, which ai’e called 



Fig. 1 . —Flymcr Pbiihmurer (Pvfnurus) 
of Aiistrjlia. in the Act of loax>iiii( 
from one Bmnch to another. 

“flying squirrels,” the little “flying phalangers ” of 
Australia (Fig. 1), and the “flying lemurs,” of the 
Indian Archij)elago, come under tliis head. They 
all jK)ssess, namely, more or less extensively de- 
veloi>ed folds of skin, which S])ring from the sides 
of the body and are attached to the for(‘ and hind 
legs. By stretching out the legs, these' lateral 
membmues arc extended, and are thus rendei*ed 
capable of acting as a supixirt in the air, fulfilling 
])recisely the same function as the “ jiarachute ” of 
the aeronaut. It is clear, however, that we have to 
deal here with structures very different from true 
“ w'ings,” and with a function not comparable with 
true “ fliglit.” The animals we have just alluded 
to have no power of raising their bodies from the 
gi’onnd by means of their “ flying-membranes,” nor 
can they l)(5at the air with successive strokes of these 
organs. All that they can do is to raise themselves 
by climbing to a certain height, and then to launch 
themselves out into tlie air from the elevation thus 
attained to some lower i>oint. In this procedure, 
the widely-extended lateral membi*anes serve to 
render their descent towards the earth a gradual and 
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slowly progressive one, end they are thus enabled to 
execute very prolonged and extensive leaps from 
tree to tree. It will be evident, however, that in 
no proper sense whatever can these animals be said 
to ** fly/’ 

"Sot is it only among the qnadrui>6ds that we And 
this power of darting through the air by means of 
lateral expansions. Thus, in the so-called ^^flying- 
fishes,” the animal is able to dart out of its natur^ 
element into the less substantial air, and to perform 
leaps of great length, by means of the front pair 
of fins, which are of immense size, and which 
act exactly like the lateral folds of skin in the 
** flying squirrels.” A still more singular example, 
and one bearing more directly on the subject now 
before us, is to be found in the extraordinary little 
lizards which are known as ‘^flying dragons” 
(Fig. 2), and which are found in the forests of 
India and the Indian Archi]K‘]ago. In these wonder- 
ful re]»tiles we have 
animals essentially 
similar to our ordi- 
nary lizards, but 
having the sides of 
the body furnished 
with wide folds of 
skin. Tlicso folds 
are suppoi’ted by the 
hinder ribs, which 
nni out straiglit 
from tlie back-hone, 
and which can be 
made to expand 
tlio flying- mem- 
branes,” in much 
the same way as the 
ribs of an umbrella 
enable us to open it. 
As in the case of 
the flying squir- 
rels,” liowever. the 
** flying di*agons ” 
have no power of true “ flight.” They climb 
among the trees, and having reached a suitable 
elevation, they dart down upon the insects iqwn 
which they live, their so-called wings” simply 
allowing them to accomidish leaps of com|mratively 
enormous length without injury to themselves. 

At the present day, no known reptile possesses the 
power of true flight ; but geology teaches us that 
there existed in past time a large number of most 
remarkable roptiles, wliich could ** fly,” in as genuine 
a sense as the birds and the bats among existing 


animals. In oUier words, they possessed organs 
which may fairly be called “wings,” since tliey 
could be made by appropriate muscles to beat tlte 
air with successive strokes, and to transport the 
body of theii' proprietor from place to place. The 
reptiles to which we refer are all extinct, not having 
even a near relation now in existence; and for 
reasons which we shall afterwards understand, th^ 
are known by the general name of “ Pterodactyles,” 
They are found in association with a very large 
number of other extraoi’dinary types of rei)tiles, 
imbedded in the rocks which geologists call the 
“Secondaiy liocks,” so that they l^elong to what 
we may consider as the middle period of the earth’s 
history. Tliough mostly found in a fi’agmentaiy 
condition — a skull in one place, an arm in another, 
and a leg in a third — we have, nevertheless, been 
able now to satisfactorily piece together the de- 
tached relics of those ancient reptiles, and it is 
worth our while to consider briefly their organisa- 
tion and structure. 

The ordinary forms of Pterodactyles (Fig. .3), as 
found in the fine-grained lithogi*aphic slates of 
Solenhofen, in Havana, or in the blue shales of the 
“ Lias,” at Jjyme llegis, are comparatively small 
animals, mostly about the size of a pigeon or a 
raven. In tlie clialk, however, as wo shall sub 
se(iiieiitly see, occur remains of gigantic mombens of 
this groiii), the dimensions of which greatly cxcee<l 
tliose of the largest of living birds. (JoninKuicing 
with the head, we find tlie skull to be singularly 
bml like in its geiiei’al form, and to be so constructed 
as to coinbiiu; to a wonderful extent great strength 
along with the utmost lightness and economy of ma- 
terial. The jaws are long and beak-like, and would 
remind ontj very strongly of the bill of a biixl, were 
it not for tho fact tliat they are provided, throughout 
or over a portion of their length, with sharp conical 
teeth, sunk in distinct sockets. In tho j)resence 
and characters of tho teeth, tho Ptei'oilactyles re- 
semble tho cixKJOililes and alligators anioiig the 
reptiles, ami diller from all living birds, though a 
few fossil biixls are also provided with teeth. TJiere 
is also the curious fact that the huge Pterodactyles 
which are found in the chalk had no teeth at all, 
the jaws being a])parently sheathed in horn, and 
thus resembling the beak of a bii*d. As some 
fossil birds, therofore, j)ossess teeth, and as some 
Pterodactyles were toothless, it is evident that we 
cannot u.se the chai’acters of the jaws as separating 
those two groups of animals. The only other ]K)int 
about the skull which need be noticed here, is that 
the “ orbits ” — that is to say, the bony chambers in 



Piff. 2. — One of the “ Plyinjir Draffons '* 
(Draco), viewed from above. (Of the 
natural Sue.) 
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which the eyes were lodged, are of comparatively 
enormous size. From this it may be safely inferred 
that the Pterodactyles possessed greatly-developed 
organs of vision ; and a strong probability is thus 
established that they were nocturnal animals, like 
our living bats, sleeping all day, and coming out in 
the twilight in search of food. 

If we look to the characters of the back-bone in 
the Pterodactyles, wo find that these curious ani- 
mals present some features which would ally them 
with the birds, and othei's in which they approach 
the reptiles. Thus, the neck is long and slender, 


being apparently wholly wanting. The thumb, the 
forefinger, and the middle finger exliibit no special 
peculiarities, being of a size proportionate to the 
dimensions of the animal itself, and being furnished 
with shai'p claws. The fourth finger, on the other 
hand, coiTe8i)ondingwith our “ ring-finger ” (Fig. 3,/), 
is of immense length, sometimes nearly as long af? 
the whole body, and it was not furnished with any 
claw. 

Other peculiarities in the structure and con- 
formation of the Pterodactyles will appear as we 
proceed ; but we may now inquire how far the data 



closely resembling that of a bird, while there is in 
some cases a long and slender tail, such as wo find 
iji no living bird, though we are familiar with such 
a structure in a large numl>er of existing reptiles. 
While the tail is often long (see Fig. 3), other 
Pterodactyles, however, had a quite rudimentjiry 
caudal aj>pendage. 

It is, however, in the structure of the limbs, and 
especially of the fore-limbs or arms, that the Ptero- 
dactylos show their most extraordinary peculiarities. 
The hind-legs of the Pterodactyles, though sometimes 
very feeble, are generally well developcjd, and are 
clearly suited for walking upon the ground, as well 
as for enabling their possessor to climb actively 
among the trees. Four of the toes carry sharp claws, 
which the animal doubtless used in grasping. The 
fifth toe, corresponding with our “ little toe,” was 
either rudimentary, or in other cases was longer 
than the other toes, and was employed in stretching 
and extending the “ flying-membrane ” which wo 
shall afterwards see these animals to have jwssessed. 
The fore-limb or arm of the Pterodactyles consists 
essentially of the same bones as we should find in 
the fore-leg of a dog, or in the arm of a man ; but 
there is a most marvellous modification of the 
structure of the hand (see Fig. 3, m). There are 
only four fingers to the hand, the ** little finger ” 


above given enable us to judge as to the habits and 
probable mode of life of these singular reptiles. We 
have seen, then, in the first place, that the feet are 
adapted for walking on the ground, or for climbing 
among trees ; but we ai*e fojved at once to conclude 
that the animal could not possibly have walked on 
all-fours, as the enormously elongated ring-finger 
would clearly render this mode of progression an 
imj) 08 sibility. It is clear, therefore, that in walk- 
ing on the ground, the Pterodactyles must have been 
as genuine bii)eds as birds ; and the entire chanicters 
of the skeleton prove that this view is the correct 
one, and that the hind-limi )s alone were used in 
supjwrting the weight of the body. To what use, 
then, did the animal put its wonderfully-coiistructed 
hands ? In the reply to this question we have a 
very beautiful instance of the mode in which the 
naturalist is enabled to reason with certainty as to 
the unknown from what he already knows, and 
to re-construct the strange creatures of the past 
by observations made on the familiar animals of the 
present. 

The only animals now in existence which possess 
a hand at all com})arable to that of the Pterodactyles 
are the curious flying quadrupeds which we all know 
as bats, and in these the resemblance is accompanied 
by striking diflTorences. If we look at the hand of 
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a bat (Fig. 4, c), we see that all the five fingers are found between the hindlegs, inclosing the tail, 
present, the thumb being very small, and being We know that the long fingers of the hand are the 
furnished with a hooked claw ; while the other principal agents by which this “ fiying-membrane ** 
four fingers are of immense length, and are clawless, can be folded up or expanded for use, as the animal 
The hand, therefore, is like that of the Pterodactyle may desire ; and we know that the membi*ane thus 



Fig 4 Arm and Hand of a Pterodactyle {PierodnctqJm crcuxno^tris) , (b) Breaat-Bone of a Pterodactyle, showing tbo 
BidTO or Keel to which the Muscles of Flight were attached, (c) Ann and Hand of a Bat; (d) Arm and Hand (or 
"Wing’*) of a Bird , h, Bone of the Upper Arm, i and «, Bone«i of the Fore-Arm; r, Bones of the Wnst, I., Thumb; 

II , Fore-Finger , III , Middle Fmger , IV , Kmg-Finger , V , Little Finger 

(Fig. 4, a), except that, in the latter, three of the four expanded and supjiorted can be made by the muscles 

fingers ai’e short and clawed, and only one finger is of the arms to l)eat the air in successive strokes, 

lengthened out and clawless. We know, however, thus conferring upon the animal the power of 

what function is discharged by the elongated and genuine “ flight.” Judging, then, from what we 

clawless fingers of the hand of the bat. We know know of the bats, we should be justified in inferring 

that they serve for the support of a delicate exjmn- that the single greatly elongated and clawless finger 

sion of the skin, or ‘‘ wing,” which stretches between of the Pterodactyles served for the supiwii; of a 

the fore and hind legs, and is attached to the sides delicate flying-membrane,” or lateral expansion of 

of the body, while a continuation of it is sometimes the integument, sj>ringing from the sides of the 

26 
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body, attached to the fore and hind legs, and ex- 
tending from the hind-legs to the tail ; and we 
should also ])(» warranted in Wlieving that tins 
flying-membiMiie could be made by appropriate 
muscles to sti’ike the aii*, in the same manner as 
the “wing’’ of the bats. In Fig. T) we have given 
a representation, after Pi’ofessor Owen, of one of 
the Pterodaetyles, as it must have apjieared in its 
living state ; and from this the reader can at 
once ju<lg(' of the form and pro^witions of the sup- 
jiosed fl\ ii!g-membi*jinc of these animals. It follows 
further that, if this Aiew as to the functions of the 
elongated finger 

of the hand of J 

the^ Pterodac- 

have been abh 

to “ fly,” in as stiict a .sense as the 

birds and the bats ; so that there is 

no real ground for comparison be- 

tween th(' “ flying-membrane ” of the yR 

former and the lateral “ paracliutes ” 1 

of such li^ing reptiles as the “ flying 

dragons ; ” the latter, as we have 

seen, ha\ing no ])ewer of true flight, 

but simply using the lateral folds 


wings ; and the size of the keel is therefore a fair 
indication of the power of flight possessed by any 
bird, its size increasing in direct proportion to the 
strength of the muscles of the wings. We know 
that a few burrowing animals, such as the moles, 
in which the muscles of the arms are greatly 
develojietl, have a similar though less extensive 
keel 14 >011 the breast-bone ; but as there is not 
the slightest ground for ascribing buirowing habits 
to the Pterodaetyles, we are fully justified in be- 
lieving that the keel upon the breast-bone indicates 
in their case the jiossession of ^xiwerful wing-muscles, 

and the conse- 
(pient capacity 
for flight. 
Again, we know 
that the bones 
of the Pterodac- 
t>les were very 
and were hollow, tlieir cavities 
being filled, not with marrow, but 
” with air. It is true that the bats, 

m which jwssess the jKiwcr of flight, 

1 ha\e the bones filknl with marn>w, 

1 so that the presence of air in the 

^ boii(‘s is not absolutely essential to 

^ flight; but in all the flying-birds 

\ till bones aie more or less exteii- 


of skin as supports in long leaps Fijr. .n—A Pieimiactyie (Dunoi^^liodon si V civ hollowed out into aii*-cavi ties, 

^ ^ rj A wonom/t), as» it wouM hove appomea *' 

through the air. m its living Cou<iition,Kit*atJyre<ince<i and we can hardly be wrong in 

.1 , .1 . Ill Sue {AJii) (him) Thw form ih , x ai • x 

it iiiav bo said, however, that remarkable for tu© umwuai Leuinh of coiicJudmg tJiat the existence of 


this is all mere conjecture, and 
tliat W(‘ have no right tti reason in tliis way, 
seeing that we have so far ]>een unable to detc*ct 
with ceilainty any actual traces of the “flyiiig- 
memiirane ” accomjianyiiig the bones of the Ptero- 
dactyles. To this ap])arently plausible objection, 
it must be urged that the flying-membrane wliiob 
the Ptercnlactyles are believed to l^ave possessed, 
must have been so delicate that we could hardly 
expect reasonably that it slioidd have l>een ])re- 
served along with the greatly less peiishable bones ; 
while we possess very important collateral evidence 
proving that these animals were able to sujiport 
themselves in the air. Thus, we find that the 
breast bone of the Pterodaetyles (Fig. 4 , b) is fur- 
nished in front with a well-marked longitudinal 
ridge or keel of bone. A similar keel is found on 
the breast bone of the flying biixls, and also on that 
of the bats, and we know perfectly well what it 
means, and what is its function. We know, namely, 
that tliis keel ujion the breast-bone is used for the 
attachment of the great muscles whicli move the 


similar cavities in the bones of tho 
Pt£*roflactyles indicates a similar mode of life for 
the latter. 

Upon tlie whole, then, we may safely conclude 
that the Pterodaetyles enjoyed the power of genuine 
flight, and that the ap]>aratus by which they su|)- 
|>orted themselves in the air was a flying-membrane, 
essentially similar to the “wing” of the bats, but 
diffenng in the fact that the chief agent in its 
exj>ansiou is a singh* elongated finger. It remains, 
accepting this as settled, to briefly consider the 
relationships which subsist between the Pterodac- 
tyles on the one hand, and the bats, the birds, and 
the reptiles on tlio other hand. From the bats, 
as w(* have seen, the Pterodaetyles are distinguished 
by the different structure of the hand ; but a dis- 
tinction of more vital imi>ortance is to be found in 
the fact that tho fonner possessed no aii'-cavities in 
the bones (this implying a very important diflference 
in the structure of the breathing-organs), while the 
skull of the latter is built upon an entirely different 
plan to that which we find in the bats. We may, 
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therefore, decide without hesitation that the Ptero- 
dootyles cannot be placed in the neighbourhood of 
the bats, and, indeed, cannot be associated with 
the true (juadnipeds mammals ”) at all. To the 
birds, the Pterodactyles exhibit many i>oints of 
affinity, as seen more especially in the general 
structure of the skull and neck, and in the pre- 
sence of air-cavities in the bones. These resem- 
blances, however, cannot be allowed to count for 
much as against the stiikiug differences which 
separate these two gi*oups. If the Pterodactyles 
were really related to the birds, they must have 
been warm-blooded animals ; in which case, as 
strongly insisted upon by Owen, they must have 
j)Osses8ed a non-conducting covering of feathers. 
We have, however, no evidence that they were 
provided with feathers or with any integumentary 
a})pndages of any kind, and we have the reasonable 
right to interpret this negative evidence in a positive 
light, seeing that the rocks in which Pterodactyles 
are most abundant have actually yielded the well- 
preserved traces of feathers in connection with the 
bones of true birds. Ther<‘ is, thei’efore, every 
j)robability that the skin of the Pterodactyles was 
naked, a condition of things incompatible — except in 
animals capable of clothing themselves artificially — 
with the possession of hot blood. Moreover, the 
apparatus of flight in the Ptero(.lactyles and the 
birds is respectively very difl\‘rent. In the former, 
the animal supported itself in the air by a “ flying- 
membrane,” caiTied ])rincipally by one elongated 
linger. In the latter, the fore-limb, or wing,” is 
only furnished with two Angers and a rudimentary 
thumb, and its entire structure is specially modified 
(Pig. 4, d) for the attachment of a series of quill- 
feathei'S, which constitute the actual aj)paratus of 
flight. 

On the other hand, the balance of evidence 
at the present moment is vei^ decidedly in favour 
of our considering the Pterodactyles as truly refer- 
able to the class of the Keptiles, and to be, therefore, 
essentially related to such existing animals as the 
lizards and tlie crocodiles. Not only do they agree 
with the Eeptiles in very many important points 
connected with tlieir skeleton, but the fact that 
they were destitute of either feathera or hair, and 
tlijit they, therefore, were cold-blooded, will haixlly 


permit us to associate them c osely with any other 
known group of animals. * 

If this conclusion be accepted — and few now en- 
tertain views essentially different — we are presented 
in the Pterodactyles with one of the most I’emark- 
able of many extinct types of reptilian life. The 
power of flight, conditioned by the j)ossesBion of a 
bat-like wing-membrane, supported ujion one greatly 
elongated finger, and the jX)ssessioii of hollow bones 
filled with ail*, are points in which the Pterodactyles 
difler from all known reptiles ; and they must, 
therefore, be regarded as constituting a group quite 
apart, witliin the limits of tlie class to which they 
belong. Nor can their general aj)i)eai*anco when 
alive have been any more in accordance with our 
ordinai*y notions than their internal structure. 
TJiey do not take the place of the time birds 
<luriiig the Secondary i)eriod, for we know that 
these existed as well ; but they seem to have been 
the principal denizens of the air at this ej)och of tlio 
history of the earth. The smaller ones may, jmr- 
haps, hav(‘ lived iqiou insects ; but the larger ones 
probably subsisted upon fish, theii* toothed jaws 
serving admirably to enable them to I’etain a firm 
hold of their slipjiery prey. The giants of the ordei- 
— with skulls three feet in length, and wings tweuty- 
five or thiriy feet in expanse — apjiear, however, to 
have l>een destitute of teeth, though it is probable 
that they, too, lived principally upon fish. It hardly 
needs a great stretch of the imagination — now that 
we know something of the structure of these won- 
derful reptiles— to call up before our mind's eye a 
scene on one of the coasts of the Oolitic or the 
Chalk Sea, in which wt may suppose the principal 
jvetors to be Pterodactyles. Each may fill up the 
details of such a scene as best jJeases him. In any 
case, the predominant feature of the picture will bo 
found in the i)re8ence of these well'd and spectml 
creatures, some sitting on some projecting point of 
rock, wmtehing wdth glittering eye the movements 
of the fish in ,the clear-blue water lielow ; others 
beating with leathern pinions the dusky air, hover- 
ing above the unruffled surface of the ocean, and 
ever and anon darfing down with i*apid swoop upon 
their hapless prey; while othei*s, |)ossibly with many 
a dissonant shriek, wing tlieir way steadily to some 
distant roosting-placo among the cliffs. 
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THE TIDES. 

By ^V’’ILLIAM Dukham, F.K S. Edin. 


M any people, besides little I'aul Dunibey, iii 
wandering by the sea-bhore, and listening to 
the “eternal toil of ocean,” have wondered “what 
the wild waves were saying.” Theii* voice, however, 
is to most men vague and indetinite. But to one 
listener they si)eak in a inaniKU* which cannot bo 
mistaken; lacking, it may b(‘, somewhat in gi‘andeur, 
but gaining vastly in pn*cision, and leiiding at last 
to greater grandeur still, pointing the mind to con- 
siderations beyond the present, either in time or 
space. That listener is tlu* patient and docile 
incpiirer into the secrets of Nature, who finds in 
the contemplation of the mai’vellous beauty of her 
arrangements a rich reward for all his toil; who 
iinds the poetry of knowledge no less elevating than 
the poetry of sentiment. Let us, then, in tliis spii’it 
endeavour to undei'stand a few of tlu^ things that 
the “ great deep ” is telling us. 

Let us imagine ouraolves living somewhert^ on 
the coast, and taking our daily walks on the beach. 
We can then note closely the various movements 
of the waters as they daily rise and fall, and thus 
make our visit not only interesting, but invigorating 
to mind and body alike. We cannot fail before 
long to observe the following facts, wliich we shall 
note in sepaiiite paragraphs for the sake of distinct- 
ness, as nothing helps us more in understjuiding the 
workings of Nature than distinctly noting down what 
wo observe and wish to explain. 

Firstlfj: The water gradually rises up on the beach 
to a certain height, then falls back again, or recedes 
to a certain distance, twice in about twenty-four 
hours. This flowing and ebbing motion is called 
a “ tide ; ” and when the water reaches the highest 
point, it is said to be “ high water.” 

Secondl}/: Observing the points of high water of 
the two tides on one day, we find that they arc not 
always the same. That is to say, one tide smuetimeAt 
rises higher up on the l)eaeh than the other. 

Thirdly: Confining our attention to one of the 
daily tides, for convenience of observation, and 
observing it on different days, we find that it does 
not rise to the same height every day, but varies in 
a gradual manner, rising less and less every day for 
a few days, then rising higher and higher again for 
a few days more, till it reaches its highest point, 
when the same cycle of operations is repeated. 
It is exceedingly interesting to watch this motion 


of the tide. When it rises highest, it recedes 
faithest ; and when it rises least, it rece<les least ; 
so that if the beach is tolerably level and uniform, 
and if we imagine a central line between high and 
low water, it vibrates about this central line like a 
vibrating-cord or pianofoite-wire, whose vibrations 
occupy al)out twelve hours each, and gradually 
become less and less in extent for some days, and 
as gi-Jidually become greater and greater again. 

Fourthly: Again limiting our observations, as in 
the preceding paragi^aj)!!, and noting, not the height 
to which the water rises, but the hour at which tlie 
highest point is reached on diffruent days, we find 
that the hour is not the same every day, but is 
progressively a little later each day. In other 
words, ther(‘ are more than twenty-four hours of 
interval l)etween the high water of one day and 
the same high water next day. Tliis interval 
is sometimes about twenty-four hours and a half, 
and daily extends till it reaches about twenty-five 
horn's and a half, then giudually contra(*ts again ; 
anil in aljout fifteen days the cycle is comi>leted, 
and high water occni*s at about the same hour. 

Having thus made our observations, we must now 
look about for their ex[)lanation. In the tii’st place, 
it will readily occur to iis that the tides arc of the 
nature of great waves following one aiiothei, with 
an interval of something over twelve hours between 
etich, the crest of the wave l)oing high water, and 
the hollow being low water. The fact that two of 
these waves pass in about one day suggests to us 
that the revolution of the earth upon its axis (which 
takes twenty-four hours to complete) may have 
something to do with the phenomena ; but as it 
takes more than twenty-four hours for the two 
waves to pass, there must be some other influence 
at work besides the earth’s rotation. In our fourth 
series of observations, we found that a cycle of tide- 
variations was completed in about fifteen days, or 
two of them in about thirty days, or a month. 
This time does not very much exceed the time 
which the moon takes to go round the earth, which 
is about twenty-eight days ; and, as the earth and 
moon attract one another, may not the moon lift 
up, as it were, the water of the ocean into the 
shape of a wave as it passes round its course ? This 
consideration introduces a new feature of interest 
for our observation, and on comparing the tides 
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with the phases of the moon we notice some re- 
markable coincidences. We find, for instance, that 
the highest tides always occur about the time of 
new and full moon, and the lowest tide about the 
first and third quai*ters. 

Hitherto we have been ti-eading on the sure 
ground of facts, which any ]KU*son may verify by tin* 
simple use of liis eyes. Now, however, we must 
advance a little into the more dubious region of 
thoc ry, and use our reason a little. For the full 
understanding of the theory of the tides, attain- 
ments of a high order arc* recpiisite ; * but the 
general ])riiiciples can be undei*stood and appreciated 
by any person of ordinary common sense. 

Let us suj)pose that the earth is a regular globe, 
with a covering of water of uniform depth all rotind 
it (like Fig. 1); £ being tlie 
c‘arth, w the watc*r round it, 
and M the moon above. 

Then, as the attraction of 
gi'avitation is givator tlm 
nearer the bodies are to one 
another, it follows that the 
moon will attract the water at 
a witli greater energy than it 
will the caith at b ; tlierc'foro 
tlie water will be lifted up, as 
it wiTe, like what many of us 
may have seen ha]>|>en when 
a body cliarged with electricity 
is passed near a j)erson’s head 
-the hair nses up towards 
the electrified body. Again, 
tlie attraction of the moon for the earth at c is 
greater than for the water at d, and the result is 
the earth will be draggeil away from the watei*. 
From these efiects of giuvitation, and from the fact 
of water lieing a fluid, the water will no longer 
remain uniform round the globe, but will assume 
something like the form represented in Fig. 2, 
being higher at b and c, and lower at / and g. 

Having thus got a sort of permanent high and 
low water arrangement, we may next examine the 
efiects of the earth’s rotation in twenty-four hours 
on the relative positions of high and low water. 
It is quite evident that, as the earth revolves in 
the direction of the arrow, the point h will be 
brought successively into the places of the points 
/, c, before returning to its original place, and 
in so doing will pass gradually from high to low 

* In which connection we may refer the reader to the 
** Manual of the Tides, and Tidal Currents” (Qalbraith and 
Haughton’s Scieutific Manuals) 


water, and from low to high t' nee in twenty-four 
hours ; and that there will bo an interval of twelve 
houi*s between one high water and another, sup- 
posing the water arrangement 
remains stationary. 

Wc now seem approaching 
an eixplaiiation of the tides; 
but we still have some work 
before us, because our obser- 
vations do not altogether agre(^ 
with what would lie if our 
explanation were comjilcte. 

For instance, wo observe that 
the interval between the high 
water of oiio day and that of 
the next was not 24- hours, as 
it should be, by the explana- 
tion, but was sometimes as 
niiicli as 25* hours. How are 
we to actjouut for this 1 In 
our c‘X})lanatioii we supiKised the water amnigo- 
ment iu Fig. 2 to remain statiouaiy; Imt a very 
little considc ‘ration will show us tliat this is not 
exactly correct. It depends, as we have se<*n, on 
tlie influence of the moon, and of course if the 
moon change its place, so also will the water 
arrangement. As we all know, tho moon goes 
round tlie eai*th in about 28 days, and tluTcfore 
every day it will go a 28th part round the earth, 
lu cons(«pienco of this, when point h has gone 
quite Tound with the earth in 24 Jiours, and 
anived at its starting-point again, the moon will 
not be I’ight above it as 
before, but somewhat to 
the right liaml, and will 
have carried with it tho 
point (a) of high water ; so 
before 6 reaches high water 
again, it must travel fi’om 
h to 6o, and this of course 
will occupy a jittle more 
time. Fig. 3 will make 
this clear. Tho dotted circle 
marks tho moon’s original 
])lace, and M the new place 
at tho end of 24 houi*s. 

This explains very well 
how high tide should take 
more than 24 hours to 
come round again; but it 
does not explain why that time should vary : 
why, for instance, it should take 24^ hours at one 
time, and 25 J at another. Neither does it explain 
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why tiie point of high water should bo lower or 
higher at one time than another, which we know 
from our observations to be the cose. Befoi'e 
extending our considerations farther, let us turn 

0 for a little to oar second note, 
That tlie jioints of high \vater 
of the two daily tides are not 
alwa\a the same.” 

Let us suppose Fig. 4 to 
/ ^ represent, as l)efoie, tin* moon, 

r ^ ^\\ water, and eartli, but rt*volving 
// \\ in the dinTtion of the arrows, 

I I ) from the top to the bottom 

\ \ J j of the pagf‘, inHt(‘ad of fi*om 

It left to right, as in former 

' ligurt^s, then any point h in 

FiLT i.-Dmffram to hours would eoiiic iiito the 
Wat"rKe K -VS tile water 

'notah^JystUoBLII:? «ynim<-trical round the 

glol>e, th(‘ height of tide will 
be the same in both i)ositious ; but this would 
only ha]>pen when the moon was directly over the 
equator or central line marked by the arrows; but 
it is not always so, but is sometimes on one side 
and sometimes on the other. Jji‘t us sujqjose it is 
as in Fig. 5. It is (‘asy to see that, the earth re- 
volving from top to bottom of the ])age, as w(* 
hav^e mentioned, at the ])oint 6, wdien, after 12 

hours’ rotation of the 
earth, it reaches the 
point the tide will 
not be (piite so high. 

Hitherto we have 
considered only the 
ft ' action of two bodies 

// \ \ in reference to the 

1 1 I j ti<l(‘s; but there is 

11 J J tlie sun to be taken 

jfty/ account, and 

from his great size we 

s.-a.’^ram u, .how how iu almost imagine 

the Rovoluhou of the Barth the that his influence 
Tide m 8oinotunc8 not so high nt 

one Time os at another. The would be more llOWer- 
Pomtion of the Moon in the « , . , ^ i 

Fifmro IS purposely exaggornted, ful than tiiat 01 tJie 

to bring out more clearly hat iH i . *1 * j. 

meant. lliooil ; but it 18 not 

SO, and the reason is 
clear enough. Although his size is so great, he is 
nearly 400 times farther away from the earth than 
the moon is, and in consequence of tliis the moon 
has, roughly siieaking, more than twice his ])ower 
of an'anging tlie water in the tidal fonn we have 
shown in our figures. The sun’s influcuce, how- 
ever, tliough thus much less than the moon’s, 


cannot be left out of sight if we are to get a 

proper explanation of the tides. We have to 

unite the tides which the sun 

and the moon would separately ( S I 

produce, and see if the I’esiilt 

throws any further light on 

our observations. All we have 

said regarding the production 

of tides by the moon’s infiu- 

ence would ecpially apply to ( HI ] 

the tides produced by the san, ^ 

modifitMl, however, by the fact ~ 

that the sun takes about 365 w 

days to complete his apparent / 

revolution round the earth, /y * ^ 

instt‘ad of 28 days, as the L e /] 

moon does. We shall now \\ // 

proceed to examine the joint \ 

action of the sun and moon. \ ^ 

Let us sujipose (Fig. G) that d" 

the sun, moo. 1 , ami cavtli are 
in the same straight line' : s 

^ aud Moon in produc- 

being the sun, M the moon, uag Tides —ospeciully 

1 4-1 4.1 1 1 r Spring Tides. 

and B the earth; a, 6, c, «,/, 
and g dtmoting the same )>oiuts as before. In this 
case, w'e shall have the tides due to the suii and 
moon siqxnqiosed, and we shall have very high 
watei* at b and c, and very low water at f and g. 
As wt‘ luwe seen, tla^ moon movTS more quickly iu 
its Coin’S! * round the earth than the sun, con- 
sequently will rapi<lly leave the straight line join- 
ing the earth and the sun, and in doing so will 
carry with it its share of the high tide, and when 
it completes its fii-st quarter, the two tides due to 
the sun and the moon will be at light angles to 
one another, and instead of lieing suiieriiosed, they 
will jiartially neutralise each otlier. 

The result is some such arrangement of the 
\vatf*r us in Fig. 7, which approaches the form of a 
circle much more than Fig. 6. As the moon, 
liowevtT, has twice the tide-producing power of the 
suu, the crest of the tidal wave will still be nearly 
under it, as at a, so that there will be high water 
oil the earth at f aud g, and low water at h and c; 
but the high water will not be nearly so high, nor 
the low w^ater so low, as in Fig. 6, when the sun 
and moon are in a straight lim* with the earth. In 
fact. Fig. G represents what is usually called 
“ spring thle,” and Fig. 7 “ neap tide ; ” the former 
being the highest and the latter the lowest semi- 
monthly tide. These phenomena will be rejieated 
in an inverse order as the moon moves on in its 
course. When the moon arrives at the opjiosite 
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Bide of the earth from the son, but on the same 
straight line, or at “full moon,’^ thei'e will bo 
“ spring tide ” again at b and c, and when the 
moon itjaches its thii*d quainter, there 

© will be “ neap tide ” at / and g. Thus 
there are two spring tides and two neaj) 
tides every revolution of the moon round 
the earth. This agrees with our obser- 
vations, and gives us a reason for the 
varying heights to which high water 
rises — viz., the vaiying i)Ositions of the 
sun and moon relative to the earth. 

We have now to <*x|)]ain Ihe reason 
why the interval 
between the high 
tide of one day and 
the higli tide of the 
next sljould \arv , 
why it should 

som(‘tinies In* 24 J 
Fig 7-iniibtmtmff tlioTheor> of ] 

Tides. ’ 

tim(‘s more, till it 
reaches 25 J houi’s. If we turn to Figs. (» and 7, and con- 
sider the action of the sun and moon on the wat(‘r, 
we see as the moon movi's away from its position 
in Fig. 0 towards that on Fig. 7 it drags the crest of 
tJie tidal wave away with it ; hut the sun also tends 
to kee]) the crest of tin* wave back towards th(‘ 
]K)int 6. The result of these antagonistic actions 
is that the tidal wav(‘ is kept hiwk or retarded 
behind the moon somewhat, till it ])asses its tirst 
quai’ter. After it juisses that i)o.sitioii, tho action of 
the sun tends to carry tin* crest of the wave towai’ds 
the i)oint c, and tJiis tends to ijinvy on or accehuub' 
the progress of the tidal wave, more than tho moon’s 
action alone would <lo, until it is full moon. Tliis 
process is rejicatod as the moon jmsses to its tJiird 
quaHer, and then to new moon. Tliis gradual 
retardation and acceleration gives a iiendulum- 
like swing to tho tides. If we imagim* the crest 
of the wave to be the bob of the pendulum, it 
rushes from its slowest iK)iiit with gradually in- 
creasing velocity till it reaches its fastest, then 
gradually gets slower again, and makes, as it were, 
two swings in the time the moon takes to go round 
the earth. This motion quite explains the varia- 
tions in time of the tides ; foi* when the wave is 
travelling slowest the point b in Fig. 3 comes more 
quickly up to the crest of the wave than it does 
when the wave is travelling at its fastest rate. 

We have thus pointed out in a general way an 
explanation of the various phenomena we noticed 
in the ebb and how of the tides, and conclude that 


they are due mainly to the joint action of the sun, 
moon, and earth, as they change their relative 
positions in their various rotations. Of cou)*se, w e 
have imagined th(^ eai-tli to be perfectly globular, 
and the water uniformly ilistributed round it, nud 
aa neither of these conditions obtain in the actual 
earth mid ocean, wc shall find many things modify- 
ing our coiicliisions ; but in the main wc shall had 
them accurate. It is not the iiuiq^ose of this paixT* 
to go minutely into details, but one or two jioints 
may be meiitiojied *is influencing the actual tide at 
dilieront ])laces. 

Neither the sun nor tJie moon is always at the 
same distance from the cartli ; they both, within 
certain limits, rigulavly ap])roach to and rt‘cedo 
from the earth. Tliis action of 0001*80 aliects the 
tides, making them liighei* or lower than usual. 
Should tlu* sun and moon both be at their nearest 
point to tilt* (Mi'tli at once, and also be in the same 
straight line, tluai a very high tide* indeed will be 
the result, as will be evident from what we liave 
said as to tln‘iv action. It is to be i*ememben*d 
also that tin* sun changes its apparent position, as 
well as the moon, and consequently causes another 
slight and gradu.il variation in tho position of the 
tidal wave. The h(‘ight to which the tidal wave 
ri&i\s in any giv(*u place is greatly modified by tlie 
form of the land round about, for it Is easily under- 
stood tli.it if tlu* great ocean tidal wav'(* in its coui'se 
meets a narrow opening lanilwaitls, wliicJi quickly 
spreads out into a largi*i’ sjiace, tlie j)ai*t of tho 
wave which pntei*s the narrow has to s])read out, 
and of course* will get lower and lower as it spreads. 
Oonverselv, if tlu* tidal wavt* enters a wide opening 
which gratlually narrows, it will, as it inslies up, 
gi'adually contrai-t in e\t<*iit, and in the same 
measure inci‘eas(* in height. From these causes wo 
have tides of various heights in various places ; in 
one place rising only a foot or so, and in othei*s 
sometimes as mucli as 120 feet. 

It will be evident from what we have written 
that the full interpretation of the phenomena of tho 
tides is a problem of no little difficulty, although in 
general outline it is simple enough. Still, it is ex- 
ceedingly iiiter(*stiug to watch tho general agreement 
of the facts with the theory ; to notice, for instance, 
the gimlual rise and fall of the point reache<l by 
high water us the moon gradually increases in age, 
from new moon to new moon ; or the general agree- 
ment of the time of high water with the hour in 
which the moon passes the meridian or middle 
point of its course across the visible fiortions 
of the heavens ; or the varying retardations and 
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accelerations of the tides as the sun and moon 
change their relative places. 

T]iei*e is one more fact connected with tJie tide 
which htis attmcted con,sidera))le attention of late 
jrefii's, anti which is worthy of our considoration for 
its fnr-roiiching consequences. As we have endea- 
voured to show, the tides are caused mainly by the 
moon, as it were, catching hold of the water as the 
earth revolves round on its axis. This must cause 
fiiction on the earth as it revolves, and friction, as 
every one knows, causes loss of power. Su[)po8e a 
wheel with hair round its ]'im, like a circular brush 
such as is used for liair-brushing by machinery; if 
this Iwush be revolving rapidly, and we hold our 
hand ever so lightly on the hair, so that it is slightly 
rubbed backwai’ds as the wheel revolves, we can 
undcrstainl that the speed of the wheel will be 
gradually diminished, until at last it will be brought 
to a standstill, provided there is no lulditional power 
communicated to the wheel by m^ichinery or hand 
beyond what was given to set it spinning round. 
Now this is somewhat analogous to what is ha])- 
pening to tho earth in its rotation. There is 
reason to suppose that tho iiction of the tides is 
slowdy but surely lessening tho 8pe(‘d of tho (^arth's 
rotation, and conse(iuently increasing the length of 
the day, and that this actioii will coiitinuo until 
the earth revolves on its own axis in the same time 
that the moon takes to revolve round the earth. 
Then the day, instead of being twenty-four hours 
as now', will be about twenty-eight days, and th(‘ 
earth wdll bo exposed to the full blaze* of the sun 
for about fourteen days at a time. The change 
this will bnng about on the face of the earth can 
hardly be exaggerated. All life, both animal and 


vegetable, will be destroyed ; all water will be 
evapomted ; the solid rocks will be scorched and 
ci-acked, and the wliole world reduced to a dreaiy 
and bai-ren wilderness. It is supposed by some 
that tin* moon has already passed through all this, 
which explains its sJiattered and bare-lookingsurface. 
The eartli being so much larger has more quickly 
acted upon the oceans which once were upon the 
moon’s sui-face, and stopped almost entirely its 
ixwolution round its own axis, thus causing it to 
have a day equal to twenty -eight of our days, and 
tho heat of the sun has already done to it what in 
future ages it will do to the earth. 

Thus, as we listen to what the wild waves are 
saying,” we hear them telling many things. Tliey 
tell of the ceaseless march of the ground under our 
feet Jis it revolves round the ceiitiul axis. They 
tell of the grander movements of the great orbs of 
heaven, and faithfully chronicle their every change. 
They startle us by a warning that tlie eartli is 
gT'owing old, and his steps beginning to fail ; that 
his movements are slower than they were in bygone 
times, and that the time must come when the sterile 
baiTeniiess of ohl age and death will come upon him 
also, as well as on all creatc<l things. Tims by the 
contemplation of tho waves that rip]>le at our feet 
we are led on to study the majestic movements of 
the lieaNcnly bodi(*s, and to look from the present 
time to that far-distant future when this fair world 
of ours will ]>c reduced to a burning, lifeless desert. 
Truly we wonder not that the human mind listens 
in awe to tho ceaseless music of the mighty deep, 
and for ever asks, 

“ Is it a friendly greeting, 

Or a warning that culls away P” 


EIVEES: THEIE WOEK, AND CANON-MAKING. 

B\ PuoiissoR P, Mahtix Dincan, F.R.S., F.G.S, 


E verybody Ukes to look at a flowing river, 
and to watch the e<ldies and currents as they 
wliirl floating things along, or wave the long weed 
on the bottom ; but few people reflect upon the 
causf* of the river, and what it does, or know the 
complicated work Natui’e has to peiform before a 
drop of water runs down to tho sea. As weeks 
of hot weather elapse, and the country becomes 
dried up, tho liver still flows onw'ard ; and if it 
is a large one, nearly tho same quantity of water 


passes along day by day. When tho rain has 
fallen heavily for some time, liow different is the 
scene ! The river is full, or has overflowed its 
banks, and the water extends for miles ; it is in 
tumultuous and rapid movement, and often trees 
are cairied along, houses are destroyed, bridges 
are broken, the power of the flood being fearful. 
The min ceases, the flood falls, and the ordinary 
amount of quietly-nmiiing water flows along as 
usual ; but there has been plenty of mischief done. 
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and if it be examined into carefully, some notions 
may be got about tbe way in which the valley 
was made in which the river flows. Two 
tilings may always be noticed to have been 
done : — Firstly^ some stones, or gravel, or bits 
of rook, which formerly formed the sides of the 
river, have been removed, and may bo found 
much lower down the stream, towards the sea. 
Secondly y the river has deepened its bed — that is 
to say, some of the bottom or floor is scooped away, 
and the stones have been swept seawards. In 
civilised countries where much care is taken to 
protect the nvei'-sides, these occurrences are not 
so well seen ; but in otlier places there are extrji- 
ordinary instances of the effects of river-floods to bo 
observc'fl. In some of the rivoi’s of Bengal the scour 
is tremendous; and in one, sloiu* and earth to 
the depth of 90 feet is nunovod evoj’y year from 
tli(* river floor, and the channel is deepened by 
so much. All the accam\ilation there during the 
rainless months, when stone is carried gently along 
and collects in the holes and deeps, is wash(‘d out 
and carried to the sea. Tt is evident, then, that 
duinng flood-time solid substinces forming part of 
the neighbourhood of a I’iver, and a ])ortion of its 
bed, are removed, and that the ri\'er fashions its 
channel out of the land. In the long run, the 
river removes the land to the sea, and enlarges its 
channel, until a time comc's when its power of doing 
all this diminishes — that is to say, when the water 
in the flood-time is not in gi^eat (juautity, and its 
movement is not very rapid. ThLs occurs when 
rivei*s gi*ow old ; for they are lively and full of mis- 
chief in their early days, when they scoop out their 
valleys and send the worn-off stone and mud to 
the seas ; but in time the work is done, and the 
river, formerly wild, becomes tame, and does not 
even move enough stone* and mud to the sea to 
keep its |mth straight. 

Anybody who thinks over this matter, will soon 
see that the power of a idver depends on the 
quantity of its water and the pace at which it is 
moved along. Common sense leads to the belief, 
that the more rain that falls, and can get into 
the river, and the greater the slope of the river-bed 
towards the scia, the greater will be the effects of 
the moving water. If there is an unusually small 
quantity of rain, the floods will bo less; and if, 
during ages, the river cuts its channel down 
nearer to seo-lovel than before, for miles and 
miles inland, there will bo all the less slope and 
consequent movement in the water. It is a 
question of water-supply and readiness of running 
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off, that has to do with the story of the forma- 
tion of a great river-valley. What is meant by a 
river-valley? A large river- valley opens at one 
end, either into the sea or into lakes; it is l)Ounded 
at the sides by land higher than the river, and 
sea, or lake, and at the fai'ther end and near the 
source the hind is higher still, llie sti’eams flow 
<lown a Rloj>e of greater or less length, breadth, and 
pitch, and this sloj>ing lantl, encircled on all sides 
but one — where the sea or lake may be — by hills, 
is called in the language of science a “ catchment ” 
or ‘‘hydrogmphical basin.” The summits or tops of 
the hills a)*o called the water-] )artings, and their 
sides and toj)s towards the river form the water- 
shed. These terms mean, that rain falling on the 
hills will run down them either towards one slo]>o 
or another -they part the watei’s of valleys with 
ri^ ers in them, and which may be situated on either 
aide. The sides of the hills down which water 
can run into a pariicular river, are the watci’sheds 
of that river ; and the great space l>etweeu the 
distant hills is the catchment or rain and water- 
catching basin. The ti‘rm “ hydrograidiical ” refei*s 
to the possibility of calculating the amount of rain 
that falls on the space limited or bounded by the 
hill-tops, and traversed by the river and its 
streams, and of estimating the efiects of it on the 
land. 

A catchment-basin should include all the 
branches of the main river, and the land around 
them, u]> to the top of the hills which act as 
water-i)arters. These basins are of different sizes, 
according to the distance of the high land, whence 
the rher sp7*ings, from the sea into which it flows, 
and also according to the number of the branches 
and their lengths. Tlie biusin of the gi*eat river 
Mississi]>])i, including the bmnehes, occuiaes a 
large ]>ortion of North America; but that of the 
Thames, limited as it is on all sides but one by 
low hills, is very much smaller, but is quite as 
perfect. In the instance of the ** gi’cat river- 
system,” as it is called, of the Mississij)pi, thoi'o ai’e 
important bmnehes which run into the main river. 
These may be Siiid to have their catchment-basins, 
and the main river is a sort of sea to them ; but 
really, all the side valleys that come at last down 
to the gi’eat plains through which the parent river 
wanders, Ixilong to the same system of carrying off 
or drainage. These rivei*s drain the land of their 
catchment-basins; and there is some relation be- 
tween the quantity of rain that falls on their 
surface in a year, and that which runs off by the 
streams in the same time. 
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A short journey will explain miich about rivers 
ai their valleys to any one who can think a little. 
Going by mil to the Wt‘st of England, the valley 
of the Thames is ti*aversed, from London, by 
Windsor, Reading, and Oxford ; and then an ex- 
cursion will lead, uj) the river, by Lechlade, Crick- 
lade, to Cirencester. Some miles soutli of this 
last-mentioned town, there is Thames Head, the 
RI)rings of which we may assume to be the source 
of the Thames. During this journey the hills 
to the north and south of the flat plain, through 
wliicli the rive]’ niiis, are visible enough, and at 
last they come closer together. They aj-e tlie 

watersheds.** A gradual rise of the ground lais 
occniTed, for Oxford is higher above sea-level than 
London, and Thames Hoad than Oxford. Standing 
close to where (iKiforc the Thames and Severn Canal 
dried up the most distant sin'ings) the im]K)rtant 
riv(‘r rose in Trewsbury Mead, the height above 
soa-lcvel will be found to be about 330 feet.'*^ But 
tlio summits of the hills tlierc, from which water 
can get down towards the Thames, are about 300 
feet above sea-level. These uplamls get higher 
towards the north, and atUiu 718 and 1,084 feet, 
and tiuis some of the northern branches of the 
Thames have a higlier watershed than the riv(*r 
into which they pour. The whole of these bi’anches 
of the Tliames are within its eatehment-])asin ; and 
just on the other side of the liills are the cat(*h- 
ment-basins of other rivem, such as the Severn, 
the Avon of Wilts, the Avon of Warwickshire, 
the Non of Northampton, and the Ousf^ of Bed- 
fordshire. On walking u]) the hills going west 
from the origin of the Thames, at last the valley 
of the Severn is seen, h]indr<‘ds of feet below ; so 
that, within a few miles, several stix'ams are rising 
at a height of more than 300 feet on the C/ast, 
whilst, on the west, there is the gi’eat plain with 
Gloucester on its river. The hills are the Cots- 
wolds, and they are the water-]mrtings of the 
Tliames and its western branches, and of the 
Wevem. The length of the main valley of the 
Thames is com] sited at 120 miles to tlie Nore ; and 
as the most distant river-] )oint is only 330 feet 
above sea-level, the slope of the valley is very slight. 
Tlie river winds about, and has the length of 210 
miles. If we consider that the highest hills of the 
Cotswolds, such as Cieeve and Edge Hill, form part 
of the watershed, then the extreme height is 1,084 
feet, down which watei* jxiiirs. The tide comes 
up the Thames, but not so far as formerly, for it 

* Thene cletailB are taken from Phillips’s ** Geology of Oxford 
and the Tliames Valley,” a most charming book. 


is stopped by a weir and lock at Teddington. 
Hence, in all calculations, the Thames may be said 
to end at Kingston. Above Kingston the catch- 
ment-basin, when measured, htis a sjmee, or “area” 
as it is called, of 3,075 square miles; and of course 
some of the rain that falls on that surface gets 
to the river, and carries down soluble matter and 
the wreck of the land. In uncultivated countries, 
where the land around the sources of a river is 
mountainous, the strejim may rise some thousands 
of feet alK)ve the level of tlic sea, and then its 
course is divided into parts, according to the nature 
of the river’s bed or bot-tom. Tn mountainous 
districts, rivers arise in torrents and wild roaring 
streams, which tumble tin? water over rocks and 
amidst boulders, at a great j)it(’h. These are the 
torrent i)Oj*tions. Then, as the edge of the high 
land is passed, and tlie river enters the open 
country, a fall often takes ])lace, and cataracts or 
watei’falls are seen. This part of a river is called 
tlie catanwt portion. Then comes the less (piickly- 
flowing ])aH of the river, wheiv it curves here 
and there, running often sluggishly ; and this is in 
the midst of ])lains or valley-bottom land, which 
is liable to be flooded by any unusual outjiour of 
water. These ])ortions of the ri\ei‘’s valley are 
calhal flo(xl-j)laiiis. Finally, the river enters the 
sea by one or luoi’c channels, and sometimes through 
a delta. 

Some rivers arise from streams of water that 
flow out from beneath glaciers on high mountains, 
and a few a])])car to comuicnce in mountain lakes ; 
Imt even in these instances, the idea of the catch- 
ment-basin holds go(Kl. One tiling is very certain^ 
although it is opposed to a curious popular error, 
and it is, that a very small quantity of water 
issues forth fi-oin the earih at the origin or source 
of the river. It has b(*eii tliought that the springs 
of the commencing river contribute piincipally to 
its amount of wattT, but this is an error. Thus 
the quantity of water that flows from the Thames 
head and thereabouts is 500 cubic feet in a minute, 
and this is a very minute quantity in relation 
to the 1,380,000,000 of gallons that pass daily 
by Kingston. Many tributaries, of course, go to 
swell the amount, but their source-springs do not 
contrib^ite over-much; and indeed, in one remark- 
able instance, the branch of the river sends less 
water into the main stream than it gets from the 
source-springs. Tliis was shown to be the case of 
the river Chum, which rises to the west of Ciren- 
cester, and at a height of 680 or 700 feet above 
the sea. There are several sources, and one well 
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known and visited is tliat of the Seven Wells. 
There, beautiful, clear, pure water bursts uj) briskly 
through natural cracks in the solid rock, and forma 
a small rivulet. In the dry autumn of 1859, the 
late Mr. Simpson, the engineer, made some esti 
mates about the amount of water su])plied by ilie 
springs to the Churn, and by this to the Thames. 
He found that 11 cubic feet of water was dis 
charged from the spring-head in a minute, and 
that a quarter of a mile down the stream ‘M 
cubic feet was passing along in a minute, and 
that at a mile 73 cubic feet went along 
at the same time. Hence water got into the 
stream from some other source than the spring- 
head. At five mi](*s and a half no less than 320 
cubic feet passed o\er the bed of the river in a 
minute, so that there was a very consllerable in- 
crease. Rut fai’tlier on, the river, iiisti'ad of in- 
creasing in its amount of wattu’, began to get 
smalh‘ 1 ’, and where it was fourteen and a half miles 
from its source, it poured only 10 cubic feet along 
in a nuuut<\ The water increased in the river up 
to a certain amount, and then gradually fell off to 
less than that poured in first of all. This \^as 
accounted for upon a principle which requires 
atbuition. The first part of the river poured 
along a bed of clay, down through which water 
cannot pass ; but the second part passed over a 
hard I’ock called oolite, whicli is full of cracks 
and crevices, and into them went the water 
instead of 2 )as 8 ing along. The first kind of bed, 
that of clay, is said to bo Impervious — water can- 
not soak into it and be lost ; and the second, the 
oolite, is poisons, and full of cracks. Hence clay 
and suchlike layers of earth, or strata, are called 
impenmahh, and limestone, chalk, gravel, and sand 
in layers are called permexthle strata. Those terms 
must be I'emombered, for the arrangement of tlu‘ 
divers kinds of layer's of earth in a valley has 
to do with many important things connected with 
rivers. 

But how was it that the water increased as it 
flowed over the impermeable clay ? The answer is 
that rain-water, sinking down into the soil, passes 
down a pervious subsoil, and comes in contact 
with the dense clay, and runs on its surface, sub- 
terraneously, until it flows out into the stream, 
which has cut its bed lower than the top of the 
clay. There is then a supply of small springs on the 
top of the clay, for the water collects there during 
wet weather, and discharges so many cubic feet in 
a day during dry weather until all is exhausted. 
Lower down- the stream, the min- water passed 


into the porous strata, and got lower than the bed 
of the river, and did not add to it in any way. In 
some countries the upper layers of the earth are so 
very permeable by water, that rivers of any size 



i'lg. 1.— Tho Source of a Spruit?. 
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and length cannot exist. The constant and average 
amount of water in a river is due to springs at its 
head and along its course, wherever impermeable 
strata are ea2)ped by permeabh^ 

If a river wei’e to i-un in the midst of dense stony 
land, without cracks or cnwices in the solid earth, 
it wouhl b(* a torrent in wet weather, and a dry 
watercourse in th<‘ dry season ; on the other hand, 
if the stream 2 )asses along a very ]>ermeable soil, 
with (Hjually j)ermeable rock l)eneath, it will not 
carry all its water to the sea ; and, indeed, some 
streams disapi>ear altogether under the circum- 
stances. Floods are pi-oduced by water running 
off the imi)ermeable strata in excess ; and springs 
give the average su2q)ly of water in (juiet weather. 

Understanding, then, the relation of 8])rings to 
the 2 )er 2 )otual flow of a river, and of excess of min 
to its fioo<is, it is neces.sary to consider the amount 
of rain that gets to a river, ami how far tho streams 
may In* said to dniin and wear the catchment-basin. 
The quantity of rain that falls day by day can be 
calculated by measuring the amount which collects 
in a rain-gauge, and thus so many inches are said 
to have poured down in a year. Tliese gauges are 
2 )lacod in several parts of the catchment-basin ; and 
it is found that different amounts of rain fall in 
diffei*ent 2)arts of the country suiTOunded by the 
water-parting hills. A calculation is made, after 
several yeaw' observations have been comj)leted, re- 
garding the average fall over tho whole S 2 >ace during 
each year, and then it is stated that a certain 
number of inches of min fall on the catchment 
ba«in during a twelvemonth. This amount varies in 
different valleys and in different counties of England, 
and it is hardly the same in any part of the world. 
Nevertheless, the quantity of rain that falls within 
the carrying-off j^ower of a river can be estimated 
year by year. About 3 feet of rain (36 inches) 
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falls on the high lands around the Ijead of the valley 
of the Thames j at Oxfoixl the fall is, on an average?, 
not more than 2 feet in the year ; and it is less, 
probably, nearer the sea. Suppose that on all the 
space inclosed by the watci’shed of the Thames 
above Kingston (3,675 square miles) 28 inches 
of rain fell in the year — for that would be about 
the mean quantity — how much of this would come 
off by the river in the same time ] The quantity 
of water that comes down in dry, in wtjt weather, 
and in flood-time during tlie year, has been cal- 
culated, but it does not amount to more than one 
third part of the rain that falls in the twelvemonth. 
What becomes of the other two-thirds 1 This (pies- 
tion can be answeretl, and the explanation of the 


river. As there ai’e more of these strata in the 
valley of the Thames than of the dense impervious 
kinds, more rain sinks into the earth than runs off 
suddenly by the river. A great proportion, indeed, 
of the rain never comes near the river at all, but 
sinks down far beneath it for hundreds of feet into 
the earth. 

There is a remarkable thing to be noticed about 
the river Thames and the river Severn. If it rains 
much for a few days, the Thames will get very 
full of water, but will not overflow its banks ; but 
the Severn and its brajiches to the north and west 
soon overflow and pro<luce floods. Why is tliis? 
In the catchment-basin of the Thames nl)Ove Kings- 
ton there aie more permeable strata near the sur- 





small quantity really canied away by the river can 
be given, by observing the eflecth of rain in dilFctf'cnt 
parts of the valley through which the river i*uns. 
After a smart shower on a clay soil — an imperme- 
able stratum — ^much water runs oflP into ditches 
and brooks, and goes down to the stream and then 
to the river ; but a good deal is left, having wetted 
the soil and formed little })ools and puddles. All 
this is dried up, and does not go to the nver ; it is 
said to be evaporated, and it passes up into the air 
in the form of invisible vapour. Some of the min 
does sink in, for clay is found to be always wet a 
few feet down. Plants take up a good deal of the 
rain, and build it up into their stnictures; but most 
of this moisture thus received is evaporaCted from 
the leaves. A difierent state of things hapj>ens on 
a chalk, limestone, or gravel soil, tliese being i)er- 
meable strata. The rain sinks in and passes down 
through the earth to a certain and vaiiablo deptli ; 
but little runs ofl* into streams to got to the river, 
much is evaporated, and some goes to vegetation, 
and a portion comes forth as spring water into the 


face of the earth than impermeable ones. Conso- 
<iuently, a vast quantity of niin-water sinks into 
the ejurii, thence into the permeable strabi, and 
either passes fir below the river or is laid up in store 
for springs. There are about 2,424 square miles of 
such sti-ata out of the 3,675 square miles of the 
whole catchment-basin. Tlie catchment-basin of 
the Severn has a preponderance of hard strata 
which will not let the water in, so it has to run 
over them, and the result is flood. 

This is interesting, and it shows the influence 
of the events of the geological ages when the 
strata were made, upon our present rivers and 
water-supply. The rain-water that goes down the 
permeable soils and strata, soaks them to a great 
depth ; for on making cuttings or tunnels through 
such earth as chalk, for instance, it is always found 
wet. The water is stored up in the strata, and it 
may be disposed of by nature in several ways. Some 
is evaporated from the dry crust of the surface-soil, 
and some flows deeper and deeper until it collects at 
last on the top of a stratum down through which it 
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cannot get. This happens when a deep, dense stratum 
or a layer of clay underlies the porous one contain- 
ing the water. If there is the least tilt of the 
impermeable and lower sti-atum, the water will 
move in its direction. This statement holds good, 
whether the thickness of the upi)er porous layers is 
a few feet or a mile. In the instance of the lower 
imi)orvious layer being very deep, of course, none of 
the water can get into the river, but when the layer 
is shallow, or seen on a hill-side, there is a (‘hance 
of the water pouring out gradually as a spring, 
which will flow into a river. 


friction of the water rushing along, assisted by the 
stones it rolls; and the underground waters carry 
off soluble rock to the river and leave spjices 
which form subterraneous caverns, and leail to tlie 
formation of underground rivers. 

Thus the rain carries off the surface of the valley 
inch by inch, and widens, tleei)ens, and lengthens it. 

Time, a constant flow of water sufficiently swift 
to move stones rapidly on the bed of the rivei*, and 
occasional floods — ^which bear great masses of rock, 
boulders, and gravel along, wearing everything in 
theii* way — were necessary to the formation of 



rig 3 .— Falus of Niagara, 


Tims, the rain-water that falls on the chalk hills 
to the south of London, sinks in and goes down for 
hundreds of feet, to be stored up and tapped by very 
deep wells. None of it goes to the river. But the 
rain that falls on Highgate, Hampstead, and Harrow, 
goes through a few feet of gravel and sand only, and 
then comes to a clay which stops it. Consequently, 
on several sides of those hills there are springs just 
where the clay and gravel join and crop out, as the 
saying is, on the side of the hill. 

Probably, about one third paii; of the mn that 
falls on the catchmenvbasin runs off by the river 
during the year, and one-sixth of this is derived 
from springs. 

The catchment-basin is worn by water-action 
above and below ground. The streams, torrents, and 
large rivers wear their beds and banks by the 


many of the deep valleys which are situated in 
the torrent and cascade portions of some livers. 
Rain and the ordinary wear of the sui'face 
are not important agents. Such gorges as tliat 
which leads from the Falls of Niagara to Liike 
Ontiiiio, in Canada, have been worn by the 
action of running water and moving stone, which 
have cut down the solid rock for miles in length, 
nearly 400 yards in breadth, and from 200 to 
300 feet in height. The sides of the gorge are 
steep, and the wearing water comes down the 
river, and not from springs at the sidea The 
falls, where a vast volume of water pours over 
rock, are gradually wearing their foundations away, 
and some day or other they will have cut down 
the rocky bed over which they pour, and will thus 
increase the length of the gorge. Probably the 
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WIs «<»d.a torn IW to i,.l« rf,lol, thoir f.-reul ton Ih-J -o™ 6^ « .nd cut dowu ; 
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lie ,b.».t.ut ot «t,r c.m» tan Uk. tb. c.iltiug dou-n of lb, ™b. «.d ft. .««o™i 
Erie, bisb.1- iii> the couiitiT tl-i tiie Mi. (Pig. 3). of ft. imuiting ^v.l null stoM (‘W- d)- 
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. . ^ , were not much 

corffi's in the world, , , , , , 


and the cutting of 
their vast chasms 
out of solid rock, 
have been produced 
by similar causes, 
but the action of 
rain on the sur- 
rounding country is 
very slight, the 
country being com- 
paratively, now, 
rainless. The canons 
of the western terri- 
tories of the United 
States — in some in- 
stances a miJe in 
deptbf in deep shade 
at tlie bottom, and 
ttt one tiinetraxTi'sed 
by a comparatively 
ipiiet stream, and at 
othei*s by a down- 
ward rush of tumul- 
tuous watei’s, carry- 
ing large masses of 
stone along - - 111*0 
often scores of iiuies 
in length, and re- 
aembW cracks in the 
Cd-rtli rather than 
water-coui-ses. The 
country in many 
] daces is so inter- 
sected by these 
canons that the 





- The Catahact OAifow. 


were not much 
above the level of 
the sea. The land 
was upheaved 
gradually, and the 
lakes — then many 
hundreds of feet 
above their former 
level — began to 
pourthroughnatural 
creeks, and along the 
line of old streams 
to the sea. The 
diuinage of the 
catchment-basins in 
which the lakes wore, 
was vast, and it 
flowed into these 
vapt receptacles of 
water, so that a 
great supply of 
water - j>ower was 
ready to act on tlic 
ra]iid slojie to the 
sea, and the evapora- 
tion from the latter 
supplied snow to the 
mountains, and this 
fed the lakes again. 
(Cataracts were 
formed, and their 
floor was worn back- 
wards, and tlie|>ower 
of the water to pro- 
duce friction was 
maintained by the 


drainage of the surface on which very little min 
falls, is so rapid tl)at gimt sterility results ; but the 
water that may come into these long channels at 
th<' sides is of little importance. They drain import- 
ant mountain regions far ofl*, and snow and glacier 
ice sii[>ply a quantity of water which, passing down 
along a very considerable sloi)e, receives a gi*eat 
velocity and wearing-|X)wer. Tlie wearing of the 
sides, from the ordinary agents of denudation, and 
the very small quantity of rain, is inconsiderable 
in relation to the depth. But things were dif- 


gmdual uprise of piu*t8 of the district maintaining 
the 2)itch. Tlie lakes became dry as the canons 
were perfected, and these deep V-shaped chasms 
remain as evidence of a long lapse of time, and of 
the work of the constant nish of water and stones 
on solid gmnite and on limestone and sandstone 
rocks, without the concurrent action of rain and 
the ordinary denuding agents of valleys (Fig. 6). 

The canons of the Colorado are magnificent 
beyond description, and the river-system drains 
an ai*ea of vast extent. That is to say, the 
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catcliment-baHin is about the third in its extent in 
Nortli Ajnei-ica, those of tlie Mississippi and 
(V>liimhia being th* 
largest. Th(‘ Grand 
Caiiou is much long(‘i 
than the valley of tlie 
Tham(‘S, for it exists 
as a gorge for o%er 
200 miles, and its 
depth is not less than 
4,000 feet Two 
rivers — the Grand 
and Green Rivers— 
unite in the eastern 
part of Utah, and a 
vastwaterflow occurs. 

The amount of water 
is great, the j«tch of 
tlie bed is rapid, and 
thus a great power 
is at hand, possibly 
efpial to that of the 
flow of the Falls of 
Niagara. The rivers 
meet in a narrow 
gorge, more than 
2,000 feet deep, and 
then the canons 
hegin. The flrst is 
called Catanict Canon, 
and the descent of the 
river is rapid (Fig. 4). 

The velocity of the 
water and stone 
rolled down is equal 
to that of a railway- 
train. At the foot 
of the canon the 
sides come very close, 
and for seven miles 
the water goes along 
at the rate of 40 miles 
an hour. The rocks 
cut tliroiigh by this 
force show all the 
geology of the 
country. Sometimes 
the face of the pre- 
cipitous sides of the 
oafion is red, from a sandstone without a se^m ; or 
they may lie of limestone — ^pink, brown, grey, slate- 
tint, and vermilion in colour, and polished to 
perfection. In the Grand Canon, the highest sides 


are feet above tlic stream, but they are only 

])criien<licular for about .‘1,000 fc(‘t, whej’e, indeed, 

the gloomy chasm is 
often ])ut a few hun- 
dreds of feet wide. 
A bo\ c that, the sides 
slope off* by a series 
of elifls to the level 
of the surrounding 
country ; and if the 
world lasts long 
enough, and a greater 
rainfall should come, 



Pig. 5.— CASfo», Colorado. 


will exist thei^ some 

day or other. 

On looking at a 
map on which the 
canons are traced, or 
at a hird's-cye view 
of the country in 
which they are found, 
one is struck with 
their jwsition in re- 
gard to some moun- 
tains, and to theii 
occasional rather zig- 
zag course. Some 
canons form long lines 
close to the flank of 
the mountains, and 
just where the hills 
spring from the plain, 
and tlicii they start 
oft’ right away, and 
only bend hei’e and 
there, llie impres- 
sion is given to the 
mind that some 
cracks in the eai-th 
had occurred to de- 
tennine the path of 
the future water- 
course, which in time 
was to liecome a 
canon. But if this 
were so, the crack 
did not displace or 
let down one side of 
the countiy around, so as to produce what geo- 
logists call a fault, for the levels of the layers of 
earth or strata, seen on each side of the caiions, 
con espond in a remarkable manner. It is generally 
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found that wherever limestone is the top layer of 
the country, or nearly bo, the wandering of the 
cafion is great. It is so easily worn by water, that 
if a hard piece resists for awhile the effects of a 
stream, the water will erode on one side of it, and 
then the coui-se is diverted horn the pi'evious direc- 


tion. Once made, the crac^ is deepened, and then 
other strata beneath it are worn down. 

Tlie word ** Canon” is applied in America to any 
gorge through which water flows, but, properly 
speaking, the tenn should be restricted to the long 
chasms with steep sides in nearly lainless I'egions. 


FRESH AIR AND FOUL AIR. 

By Phofessok F. R. Eaton Lowe. 


F resh au* is an element ujKjn which everybody 
professes to set a high value ; yet we frecpiently 
meet with j)eople who, by dint of gi’een-baizing the 
doors, sand-bagging the windows, stuffing up un- 
used chimneys, jieitinaciously closing the windows 
of a railway-cairiage during a two hours’ journey in 
July, and other siiuilar expedients, endeavour to 
exclude the pui*e bi*eatli of heaven as they would 
so much choke-damp or sevrage fumes. In these 
days of scientific progress it is surprising that so 
much ignorance exists on the subject of ventilation; 
for, while the terms oxygen ” and carbonic acid ” 
ai'e familiar to everybody, most of us ai’e still in the 
dark as to the best means to lie adopte<l for securing 
the one and getting rid of the other. Those who take 
so much trouble in stopping up every ci’evice, to pre- 
vent, as they say, the ingi*ess of draughts,” never 
<lream that they are at the same time taking every pre- 
caution against the escape of poisonous gases, the in- 
halation of which must ultimately pix)duce a train of 
disorders, the mei*e catalogue of which would fill a 
page of a large-sized medical treatise. Ventilation, 
as it is understood by such i)ei’sons, includes amongst 
its happy effects, cohl in the head, sore throat, tooth- 
ache, and tic-doloureux, all of which may cei*taiidy 
be produced by dimights ; but this is not ventila- 
tion. Much of this misconception is due to the 
ignorance of buildera, who appear to think that 
ventilation is altogether out of theii’ line, and con- 
sequently make no i)rovision for it. In large 
public buildings — as schools, churches, and clubs — 
some attempt is iisually made to keep the contained 
air pure ; but in ordinaiy dwelling-houses there is 
nothing for it but to open the windows, at the risk 
of entailing upon delicate or non-acclimatised 
inmates the painful disoiflers just alluded to. It 
is far more important to secure a constant supply 
of pure air in rooms we ordinarily inliabit, than in 
public rooms only occasionally visited ; and aix^hi- 
teots as well as btiilders have much to answer for 


in ignoring this considemtion in the construction 
of their i)lans. 

Before this subject can be thoroughly under- 
stood, it will be necessaiy to get a clear view 
of the function of respiration. We all of us are 
familiar with the appearance of the lungs of 
animals, from the si>ecimens hung up in the 
butchers’ shops. An examination of the lungs of 
a sheep will answer our purj^ose quite as well as if 
we had the con’es|)onding organs of the human 
body before us (Fig. 1). They consist of two lobes 
of spongy, cellular mattex’ — the spongy chai'aoter 
being due to millions of minute bag-like air-cells com- 
municating with fine tubes, the diameter of which 
gradually increases till they finally converge into 
the windjuixe. The small aii’- cells aix? summnded by 
meshes of delicate blood-vessels, still moiv minute^ 
which bring the daik venous blood to the lungs to 
be oxygenated or purified, whence it is collected by 
the pulmonary arteiy and distributed to every part 
of the system. It may be asked, How is this 
oxygenation or aviation effected 1 Does the blood 
enter the air-cells, and come into actual contact 
with the contained air] Geiiainly not, or othei*- 
wise the blood would find its way into the wind- 
pipe, and be coughed up. This bleeding from the 
lungs, or hemorrhage, as it is termed, actually occurs 
in certain diseases, as in pulmonary consumjxtion, 
and is a symptom of a vexy serious character. 
Instead of the blood finding its way into the lungs,, 
the air jxenneates through the thin walls of tho 
cells and comes in contact with the blood in tho 
micrascopic veins. Here important chemical changes 
take place, and both the air and tho blood become 
entirely altered in character and composition. Tho 
dark appearance of venous blood (blood from tho 
veins as distinguished from artei*ial blood) is duo 
to excess of carbonaceous matter ; the oxygen of 
the air unites with the carbon and becomes carbonic- 
acid gas, which is exlialed, and cannot again bo 
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respired with safety, while the colout of the blood is 
changed to a bright red, indicative of its healthy 
character and fitness for all the purposes of nutri- 
tion. The number of i*e&pi- 
rations per minute varies 
from fifteen to'twenty-one, 
accoixling to age and con- 
stitution, and the quantity 
of air taken in at each 
inhalation is about twenty 
cubic inches. The carbonic 
acid conies off from the 
lungs in company with 
watery vajiour, particles 
of effete or worn-out 
matter, nitrogen and other 
gases. Bad bi'eath is at- 
tributable in some cases to 
caries or decayed teeth; 
in otheiis, to the condi- 
tion of the stomach; but 
in many instances it may be traced to the pre- 
sence of fetid vapours in the expired air. We 
are in a condition of constant decay, or rather dis- 
integration ; worn-out particles are momentarily 
being cast ofi‘, and their places supplied by new 
matter ; and while some of these particles of decayed 
matter escape through the skin and other channels, 
more or less of them are eliminated through the 
lungs, and find their way into the air. 

Let us now examine the carbonic-acid gas, which 
— “cai’bon dioxide” of modern chemists— forms 
about one-thirtietli of the volume of air exhaled. 
The poisonous nature of this gas is pretty well under- 
stood, although its presence in oui* bed-rooms and 
sitting-rooms is little guarded against. It forms 
the choke-damp of coal-mines and deep wells, and, 
breathed in a state of purity, causes death in a few 
minutes by suffocation. It is a non-supporter of 
combustion; and flame is extinguished by it as 
completely as by the employment of so much water, 
advantage is taken of this property of the gas to 
detect its presence in deep wells which have to be 
descended for the purpose of repairs. 

A candle is let down, and if it goes out it is at 
once concluded that it would be unsafe to allow 
men to descend. From the absence of this simple 
precaution men are frequently brought up from 
deep wells in a state of insensibility ; and 
colliers are often exposed to similar risk from a 
sudden inish of large volumes of choke-damp from 
the workings (pp. 9, 22). 

Another peculiar property of the gas is its weight. 


It is half as heavy again as air; the B})eeific 
gravity of the latter being taken as 1, that of 
carbonic acid is 1*5. On this account it can be 
poured out of one vessel into another like a liquid. 
A row of lighted candles may be extinguished one 
after another by pouring upon each some carbonic 
acid ; and as tlie gas is invisible, the experiment 
savours very much of the mtigical in tlie eyes of 
those unacquainted with chemistry. 

The process of preparing this gas for expeiiment 
is very simple, and the necessaiy apparatus can be 
miule from a couple of bottles and a glass tube. 
Take a wide-mouthed bottle fitted with a cork, and 


Fig. 2.— Preparation of Carbonic- Acid Gas. 

into the cork insert a glass tulx», bent twice, at 
right angles, one limb of the tube being much 
longer than the other (Fig. 2). Into the bottle put 
some hydrochloric (muriatic) acid, diluted with a 
similar quantity of water, and into the mixture 
droj) a few pieces of chalk, or limestone. A brisk 
effervescence will ensue, caused by the esca])e of 
the carbonic acid in bubbles from the chalk. The 
long end of the tube is inserted into another bottle, 
which will soon be filled with the gas. To ascertain 
whether the bottle is filled, put in a lighted match 
or taper, which will be extinguished as soon as it 
reaches the surface of the gas. 

By this experiment the chalk or limestone is 
decomposed, and carbonic acid set fi*ee ; but by a 
very simple process we may cause the carbonic 
acid to unite with lime, and thus form carbonate of 
lime or chalk. This is the reverse of ariaZysis, and 
hence termed ayntheBia, Nothing moi'e is necessary 
than to fill a tumbler with lime-water — ^which can 
be procured at any druggist’s shop for a trifle — and 
to blow into it through a tube, when a milky 
cloud will be immediately observed, owing to the 
formation of a white precipitate of carbonate of 
lime. This results from the union of the carbonic 
acid in the breath with the lime held in solution, 
and proves beyond question the existence of 
carbonic-acid gas in the exhalation from the lungs. 

Besides being a product of respiration, carbonic 
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add is also a product oi combustion. Tlie materials 
we usually employ for the purpose of illumination — 
as gas, tallow, oil, and coal — owe tlieir inflamma- 
bility to the presence of hydrogen. As this gas is in a 
state of combination with carbon, these bodies are 
known as hydrocarbons, and dunng combustion 
they undergo decomposition. The carbon unites 
with the oxygen of the air to form carbonic add, 
and the hydrogen unites with another portion of 
oxygen to form water, which exists as steam or 
vapour in tlie air of every room in which flame of 
any kind is burning. To prove that the formation 
of watery vapour is one of tlie results of combustion 
we have only to invert a tumbler over the flame of 
a candle, when the inside will soon become moist 
from the condensation of tlie resulting steam. 

It thus apjiears tJiat the two processes of respim- 
tion and combustion are strictly analogous, so far as 
chemical change is conceiiied ; and it follows that 
the air of a room is as much vitiated by the 
burning of a jet of gas or an oil-lamp, as it is by 
the breathing of an occupant. A flame cannot 
live without a renewed su])ply of fresh air, any 
more than an animal. Put an inverted tumbler 
over a ta|X3r, and in a few moments the flame will 
bo extinguished. Eflectually exclude the admission 
of air into a room, and the liro in it will fli’st 
begin to get dull, and ultimately go out altogether. 
What is fatal to combustion is also fatal to human 
life ; for respiiation is a Kj>ecies of combustion, 
attended with the usual phenomenon of heat, and 
recpiiring for its support constant suj)plie8 of good 
fuel. The greater the proportion of fuel — that is, 
fresh air — consumed by the lungs in a given time, 
the more rapid is the respiration, and the greater is 
the heat developed. We are all of us familiar 
with these phenomena as the results of vigoiX)us 
exercise in the open air. The glow in the cheek, 
the increased apj^etite, and the general exhilaration, 
are so many signs of intensified chemical action 
and increased vitality. Diminish the supply of 
fuel, or deteriorate its quality by constantly 
breathing the atmosphere of some close room or 
stufiy oflice in a back street for eight or ten hours 
daily, and the respii’ation will become slower, the 
heat of the fire will diminish, the colour will leave 
the cheek, the appetite will fall ofl*, and the system 
generally will become debilitated. 

We have said enough of the properties of car- 
bonic acid to convince any one of the danger 
of breathing it, even in the diluted condition in 
which it exists in an ill-ventilated apartment. The 
question now is, How are we to avoid itl To escape 


from an enemy, we must knojv eiaictly the position it 
occupies. It has been stated that carbonic acid is 
a veiy heavy gas ; and it might be supposed that 
it would fall to the floor as it is generated from the 
gas-burners, and the lungs of individuals. Imme- 
diately on its formation, however, it is in a heated 
state, and, in accordance with a universal law of 
heat, becomes much expanded, and rises to the 
ceiling. Should there be no means of escape in 
that direction, the gas will, on cooling, descend 
along the walls of the apartment, as shown by the 
arrows in the annexed diagram (Fig. 3), representing 
the atmospheric currents in a I’oom lighted by three 
gas-jets and warmed by a lire in an ordinary 
grate. 

The horizontal an*ows at the base of the diagram 



rapraseiit the currents of air pix)ceeding from the 
doors D D towards the fire. It will be seen that 
the cooled carbonic-acid gas as it descends along 
the walls is similarly drawn to the lire, and escapes 
up the chimney in company with the smoke and 
other products of combustion. Had a grating or 
ventilator been placed at the top of one of the walls, 
as at A, the deleterious exhalations would have 
escaped, and the air been preserved in a fit state 
for respiration. 

A fire is an excellent missionary in the cause of 
ventilation, especially in a room where the green- 
baize and sand-bag processes have not been adopted 
to ward off the hated “ draughts.” The air with- 
drawn from the room to feed the column constantly 
rising above the fire, must have its place supplied 
by fresh air from without ; which accordingly works 
its way through every crevice and oi)ening, and 
makes at once for the heated laboratory where its 
decomposition is effected. A glance at the diagram 
will make it plain that if there is no ventilator 
near, the carbonic acid must be I’espired in its pro- 
gi*ess towards the fire by ]>ersons sitting in the 
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room^ unless their dimensions are so Lilliputian 
that their heads are below the level of the giuta 
In the absence of any proj^er provision for ventila- 
tion, our only resource is to open the windows an 
inch or two at the top. Tliis will effectually get 
rid of poisonous exhalations, without subjecting 
any one, not sitting immediately beneath, to the 
risk of “ catching cold.^* 

In bed-rooms, where we remain eight or ten 
hours at a time, it is most important that the 
escape of vitiated air should be provided for. On 
the assumption that the sleeping-apartment is 
occupied by only one person, who requii*e^ 20 
cubic inches of fresh air at each respimtion, or, 
on an average 400 j^er minute, in 10 hours he 
would consume more thmi 130 cubic feet of air 
— that is, if he could get it. But how 1 There 
is no ventilator : the door is kept shut all night ; 
and as for opening the window but a single inch at 
the top — the very thought is enough to produce a 
shudder. Let any one who has been out in the 
open air enter a bed-room from which the sleepei’s 
have just emerged. The oppressive, not to say 
sickening, character of the atmosphei*e will at once 
make itself a})pareut. And yet i>eople in general 
do not know to what cause to attribute their 
morning headache, their lassitude and debility, 
their loss of appetite, and the impurity of their 
blood, so plainly evidenced by numerous pim[>les 
and blotches. As a rule, our sleeping-chambers 
are much too small j ten feet scpiaro is not an 
uncommon size for one of these rooms in a house 
letting at £d0 a year. The air of such a room, 
having its doors ajid windows closed, and occu}>ied 
by one i>er8on, wo\ild become unfit for resjjiration 
in four hours. In the case of two occu])ants, that 
time would, of course, be reduced to two hours. 

It is to be feaix'd that we shall never be able to 
secure rooms of much larger dimensions, esjHjcially 
in the houses of great cities ; it is, therefore, of the 
highest importance that the introduction of a entila- 
tors by builders should be made compulsory. In the 
meantime, it is easy to improvise a remedy against the 
atmospheric stagnation and i)ollution so common in 
our dwellings. Keej) the doors of the rooms ]>artly 
open, and let down the windows about an inch at 
the top. There is very little risk in such a pro- 
cedure, even in temi)estuous weather, except to 
persons who are so frightened at contact with cold 
fresh air that they are accustomed to wrap them- 
selves up like a (Ireenlander whenever they are 
unfortunate enough to be comjKjlled to leave their 
almost hermetically sealed abodes. 


From what has been already said, it will be 
gathered that a room cannot be properly ventilated 
by opening a window at the bottom ; and to sit for 
any length of time near a window opened in tliis 
way is not unattended with danger. The expense 
of inserting a ventilator in the upper part of the 
wall of a room would not be great, and the money 
would certainly not be thrown away. It should be 
constmeted with oblique bars placed in such a way 
that the cuiTents of air would enter the room in an 
upward direction, and no draught would be occa- 
sioned. In theatres and other public buildings of 
a circulai’, oval, or hoi*se-shoe form, a central A^enti- 
lating shaft answers very well. In oblong buildings 
a shaft at each end is necessaiy. Fresh air must 
be admitted through gratings at the bottom of the 
walls, as it is highly dangerous to open windows or 
doors where there are crowded assemblies. 

In concluding this paper, a reference to the venti- 
lation of mines may not be out of place. The modus 
opemndi of a fire in setting up atmospheiic cur- 
rents has already been explained. The accom- 
jmnying diagi-am (Fig. 4) shows the method of ven- 
tilating a mine by means of a furnace placed at the 
bottom of a shaft at D. The aii* is drawn into the 
mine in the direction of the an*ow8 down the shaft 
A, and, becoming heated in its ])assage over the 
furnace, esca]>es from the mine up the shaft b. The 
** drawing in ” of the air in such cases is simply an 
effect of pressure. Air is a fluid, and if any por- 



Fig. 4. — Veutilatiou of a Mme bj a Fm*uaco. 


tion of it be displaced, as by heat, the surrounding 
jwrtions must simultaneously fall in to supply the 
loss. The ascending column of hot am will carry 
with it all noxious gases and exhalations, and the 
atmosphere of the mine will l)e preserved fit for 
respiration. In spite of this precaution, however, 
mind’s are exposed to much risk from the sudden 
evolution of carbonic acid and carburetted hydrogen 
gases from the workings. The latter is the well- 
known “fire-damp,” and inflames Avith explosive 
violence wlien a light is brought into contort with 
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it The lamp is a sufficient protection 

a^fainst this formidable enemy ; and its invention 
has saved the lives of thousands. The safety-lamp, 
however, will not render the fii*e-damp respirable ; 
when its existence is indicated, an esca^^e must be 
ejected with all possible expedition. The same 
course must be followed in the case of “choke- 
damp,” or suffocation will speedily ensue. The aim 
of colliery proprietoi’s should be to provide ready 
means for the elimination of these teirible scourges 
of the pit. If the distance of the ventilating-shaft 
from the workings is too great, the draught l)ecomes 
so sluggish that the gases cannot be carrie<l away. 
Additional air-shafts ought then to be constructed ; 


and although the expense wouk doubtless be heavy, 
the safety of men ongag^ in so hazardous an 
employment ought to be the first considemtion. 

The subject of ventilation altogether is one which 
deserves moi*e of the attention of social economists 
than it has hitherto received; for, while we can 
hardly attach too much im}X)rtance to questions 
relating to cottage architectiu*e, water-supply, and 
general drainage, it must not be forgotten that 
there is such a thing as atmospheric drainage, which 
is none the less important because unseen, and due 
provision for which is one of the most essential 
requii-ements for the maintenance of the public 
health. 
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By Edmund Hope Veiiney, Captain, Koyal Nav^, F.R.G.S., F U.A.S., etc. 


H ave you ever stood on the quay of a busy 
port, and watched the ships being hauled out 
to the pier-head, and then seen th(j white sails 
dropped and spread to the wind, and the vessels 
borne out far away into the distance 1 

Have you ever stood on a high cliff, with only 
the wide expanse of sea before you, and seen a little 
speck on the horizon, which you knew to bo really 
a great ship on her voyage ? 

Or have you over made a voyage youi*self, and 
known what it is to see nothing around but sea 
and sky, while your own gallant ship is confidently 
and steadily beaiing you on your way ? 

And if so, have you not longed to know something, 
be it ever so little, of the science of navigation, which 
inspires the sailor with the light-heaitied confidence 
with which he leaves behind him every lundmai’k, 
and sails straight away on a pathless seal To 
sketch lightly the general principles of that science 
is the object of this paper; to give the reader 
sucli a general view of the subject that the ci'aft of 
the seaman may not appear an incomprehensible 
mystery. 

If you take ever so shoii; a passage in never so 
small a steamer, two edicts of maritime law are 
imperiously thrust upon you : you must not smoke 
abaft the funne^ and you must not speak to the 
man at the wheel. With the former of these laws 
this paper has no concern, but the latter is founded 
on the first necessities of navigation. The man at 
the wheel is the guardian of the compass — even its 
servant. Unless otherwise directed, his eyes may 
hardly ever leave ifc. The ship is to be steered on a 


jiariicular course sho^vn by the compass ; he must 
not forget that course, or mistake it ; his thoughts 
and attention to it may at no time be relaxed. 
Only by vigilance and exj)ei’ience can he steer the 
ship on the given course. The “ compass true ” lies 
at the root of the sailoris confidence ; and, as he 
leaves behind him evoiy tower, eveiy hill, and 
every lighthouse, to journey on an unmarked plain 
of watei's, he knows that his com]ms8 will never 
fail him on the darkest night or in the foggiest 
weather. 

But it is not enough for us to know only the 
<lirection in which we ai-e going; we must also 
be able to measure the distance we travel. We 
know that if we leave this country, and steer 
westwanls, we shall some day come to America; 
but if we would avoid being wrecked upon its 
shores, we must know when we are getting near 
them, and make our armngeraonta to enter a secure 
haven ; and so from hour to hour we estimate the 
sjieed of our ship by what we call the “log.” We 
have a coil of string wound upon a reel ; the end 
is tied to the log, which is a small piece of wood 
shaixKl and balanced to float steadily in the water ; 
the log is thrown overboai’d, and we note the time 
that a measured length of string takes to run off 
the reel. This, of course, deqiends upon the si)eed 
of the ship, and by a very simple computation the 
number of miles per hour may be estimated. The 
measured distances on the log-line ai*e marked by 
knots ; the time bears the same proportion to the 
hour as the knot does to the nautical mile, 
and hence we speak of the ship going so many 
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knots an hour ; this estimated speed is wiitten down 
in a book called the “log book/’ which is in fact 
the sailor’s journal ; for there we also write down 
the force and direction of the wind, the state of the 
weatlier, the coiii’se steered by compass, the nautical 
events of each hour of the voyage, all ships or land 
seen, and the changes made from time to time in 
the sails. Each day at noon the distance run in 
the previous twenty-four hours is added up, and 
applied in the direction that has been steered by 
compass ; and we so ascertain what progress has 
been made in the voyage. This method of naviga- 
tion is called by seamen “ Dead Reckoning,^' 

Navigation by dead reckoning is comparatively 
simple and easy, and may often be relied on for 
slioil distances ; but thei'e are causes which make 
it iintinistworthy. In dificrcnt of the world 
are currents of varying strength, some running as 
fast as se\en miles an hour. A captain may be 
steenng west on his way to America, with fine 
w(5ather and smooth water, and enter a current of 
sea-water many miles in width, running raindly to 
the noithward ; there is nothing in the a]>ix‘arauce 
of tl)c sea to tell him he is in such a cniTent, and if 
he has only his dead reckoning to trust to, he may 
be wrecked on the coast of Newfoundland at a time 
when he thinks himself 500 miles away from the 
nt'arest laud, and 1,500 miles from New York. Or 
a strong southerly wind acting always on the side 
of a vessel will drift her bodily to the northward, 
although the steei*sman may keep her head pointing 
west. Or a ship may be so drifted about, and twisted 
and turned by stormy weather and changeable gales, 
that the dead reckoning may be entirely muddled 
and lost. Then we rely for our safety on the 
branch of navigation that is called “ Nautical 
Astronomy'' 

All who have made a sea-voyage must have ob- 
served the captain come on deck in the morning, 
and again at noon, in fine weather, with his watch 
in his hand, and a curious-looking instmment, called 
a sextanty at his eye, and, looking in the direction 
of the sun, make notes of what ho observes. He 
is taking observations of the sun, to enable him to 
detei’mine the position of the ship. 

But before we can at all understand how he does 
this, we must first see what is meant by “ the posi- 
tion of the ship.” There are no marks on the sea 
to show us where we ai*e, even although we have a 
map. Before us 

“ Gleams tlmt untravelled world, whose margin fades 
For ovei and for over as we move ” 

And BO we rule our chai-t with imaginary lines 


crossing each other, and dividing the blank spacer 
of the sea into little squares ; if we can tell which 
square we have got into, and to which part of it, we 
shall be able to see on the chai't what progress we- 
have made on oiu* voyage. The lines inmning east 
and west mark the degrees of latitvdey tliose running 
north and south the degrees of longitude ; only when 
a sailor knows his latitude and his longitude can he 
detennine the position of his ship. If you hold in 
your hand a clay ball of uniform colour, you cannot 
measure the position of ary point on it, because 
there is no starting-point to measure from ; but if 
you run a long needle through the middle of it, 
you at once get two starting-points — namely, where 
the needle goes in, and where it comes out. Such 
a ball is our eai*th ; the noi-th and south poles are 
its only two natuml fixed points ; the circumference 
of the earth half-way between the poles is called the 
equator; the lines of latitude are those parallel to 
the equator, and we count 90 degrees of latitude 
from the equator to the pole. The equator is ob- 
viously the most iiat\iral line to start from, and 
sailoi*s of all nationalities count their latitude from 
thence. The lines of longitude are at right angles* 
to those of latitude, but there seems to be no natural 
reason for beginning to count our longitude from 
liny one jdace in 2 )articular rather than another; 
so the French count theiis from Pans, the Russians 
from 8t. Petei’sburg, and we count oiu-s from the 
meridian of Greenwich. Wc choose Green wich^ 
because it is where our national observatory is, and 
to Englishmen it is the centre of all asti’onomical 
calculations. 

To determine the jxjsition of the ship, let us fiirt 
consider how the latitude is found at sea. The sun 
at noon in our northern hemisi)here is always seen 
due south of us; if we sail away towards it, we 
shall find it gets higher and higher e^ory day at 
noon, until we get near the equator, when at twelve 
o’clock it will be exactly over our heads, and we 
shall have no shadow whatever ; or, if we sail 
northwards, the s\in sinks lower and lower, until 
in polar I’egions the sun is sometimes only on the 
horizon at noon. The sextant is an instrument for 
measuring angles, and when the captain comes on 
deck at noon it is to measure the height of the 
sun above the hoiizon. He begins to observe a 
few minutes before twelve, and watches it slowly 
rising, until at last it stoj^s and slowly begins to 
descend; the highest altitude that has been observed 
gives the latitude by a very short calculation, in 
which the chief element to be considered is the 
position of the sun itself with reference to the 
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^nator. Only twice in the year is the sun exactly 
over the equator — namely, at the equinoxes. In 
summer it comes much nearer to us, and in winter it 
Ifoes much farther off. Its distance north or south 
of the equator is called its (hclination^ and the path 
it appears to follow, crossing and I’e-crossing the 
equator, is called the ecliptic ; therefore, if we did 
not calculate tlie declination with the altitude, we 
should get only our distance from some iK)int on the 
ecliptic, instead of our latitude, which is our distance 
from the equator. There is annually published a 
book called the “Nautical Almanac,” pi*epared at 
the Greenwich Eoyal Observatory, in which all the 
movements of the sun, moon, jdaiiets, and pnncipal 
stars have been calculated beforehand. From this 
book the sailor gets the sun’s declhiation, corrects 
it for the moment of noon at which he took liis 
observation, and so is able to derive his latitude. 

It often happens that the sun is obscm*ed by 
clouds at noon ; but we can get our latitude at 
night on the same princiide from a meridian alti- 
tude of the moon, of a planet, or of a star. There 
is also a method called “double altitude,” which 
consists in estimating, from two altitudes of a 
heavenly body not on the meridian, what must be 
its altitude when it in on the meridian. 

But there is still another method of finding the 
latitude, which is dotibtless the oldest of all ; that is, 
by an observation of the pole stai*. Centuries ago, 
it was observed that all the stars and all the heavenly 
bodies ai)peai’cd to I’evolve round one star always 
north of us, and ai)parently fixed and motionless ; 
now wo know that it is the earth that revolves, 
and that this fixed star, which we call the pole 
star, is almost vertically over the north pole of the 
earth. A man standing at the north pole would 
have this star exactly over his head ; a man stand- 
ing on the equator might see it exactly on the 
horizon ] and so, wherever you are in the northern 
hemisphere, the height of the pole star above the 
horizon is always the latitude of the place you 
are in. 

By one or other of these methods the seaman 
finds his latitude, how far he is from the equator ; 
but to know the position of his ship he must also 
know his longitude, and to find this is not nearly 
so simple a matter. As the sun appears to lise in 
the east, it must be daylight in Denmark before it 
is in England, and in Hiissia before it is in Den- 
mark ; so also is it noon first at St. Petei*sburg, then 
at Copenhagen, then at London ; so when it is noon 
at St. Petersburg it is only about eleven at Coi>en- 
hagen, and about ten in London. The gi'eater the 


difference of longitude, the greater the difference' of 
time between any two places. The two questions of 
time and longitude are so intimately connected that 
they may almost Ik) said to be identical. The globe 
is divided into 360 degi’ecs of longitude, which are 
all passed over by the sun in the course of twenty* 
four hours — ^that is to say, 16 degrees in every hour 
If, therefore, wo know that there is one hour’s dif- 
ference of time between London and CojH'iihagen, 
we know that Co]ienhagen must be 16 degrees, or 
900 miles, distant. If, then, a ship is in the 
Atlantic at exactly twelve o’clock, and the captain 
knows tliat it is at that moment exactly one o’clock 
at Greenwich, he knows that he is 16 degrees west 
of Greenwich, and tliat that is his longitude. 

Tlierefore, in order to find our longitude at sea, wo 
requii*o to know two things : Firsts the time, exactly, 
to a second, on lM)ard the ship ; and, secondlp, the 
time at the same instant, and as accurately, at 
Greenwich. Great jiccuracy is indispensjible, be- 
cause, if one hour of time con-esi)onds to 1 5 degi*ees 
of longitude, a mistake of one minute will make a 
difference of 16 miles in the position of the ship. 

The exact time on l)oard ship is found by an 
observation of the sun, usually taken at eight or 
nine in the moniing, when it is n'sing raj)idly 
This observation, with somewhat intricate mathe- 
matical calculations, gives accurately the time 
which would be roughly shown by a sun-dial. It is 
then only necessary to know with the same accuracy 
the time at Greenwich at the instant the observa- 
tion was taken ; and by com pan ng the two times, 
we at once get the longitude. This Gret*nwich 
time may l>e found in vanous ways, but the sim 2 )leHt 
is to cai’iy on board the shij) a clock which was set 
to London time before the ship sailed. Such clocks 
are S 2 )ecially made to go correctly and evenly in all 
climates, and by ingenious contrivances they are 
compensated for changes of tempomture. Tlioy are 
called chronometers. A large shij) cames several 
chronometers, that by com 2 >aring them one with 
another, a more accurate Greenwich time may l>o 
aiTived at. Tliey are hung in swinging cradles, that 
they may not feel the rolling of the shij) ; even the 
cradles are supported from a foundation of tow or 
wool, that they may not suffer from any shock or jar. 
The chronometer-room is placed in the middle of the 
sliip, and is kept, as far as i)ossible, at a uniform 
temperature. Chronometers are made to go for two 
days without being wound up, but it is usual to 
wind them up daily, in case of accidents. In a man- 
of-war, the sentiy at the captain's cabin door is not 
relieved in the morning until it is reported to him 
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that the chronometer h.ive been wound up; and if 
he is thus retainea at his post beyond hm 
term of duty, he takes good care to make it known 
that the chrononietei’s have not yet been 
up. The chronometei*s ai-c all compared one with 
another every day, and a register is kept of Uieir 
performances, from which it is at ome seen which 
are going most steadily, and can most surely be 
relied upon. When a shi}) makes a long ^ oyage, the 
(jreenwich time shown by the clironoiueters is c<ire- 
fully tested whenever she ulTi^e& in a port whose 
longitude is well known. W e see, theretore, of how 
vast imjiortance to the sailoi is his chronometei , as 
afTordiiig his readiest means of kutnMUg (Greenwich 


time. 

But it is only within the present century that 
the woikmfinship of chvonomett I's ha^ I teen so fur 
jteriheted thut the sailor can safely i ely on them . 
fornmly, he got his (rveenwich time from obseiva- 
tions of the moon, difficult to make, and requiring 
long and intricate calculations to ariive at the 
result. All who imd this pafier will be aware bov/ 
rapidly the moon changes her place among the stai’s, 
how each night sho makes her apiiearance farther 
to the eastward than the night before The “Nau- 
tical Almanac” tells us exactly foi every hour 
throughout the year what vilM>e the mooifs place 
among the stars. Suppose we read tluit when the 
moon’s edge touches a cei’tain star it will (at 
Greenwich) be exactly ten o’clock on a paHicu- 
lai* night ; in wliatever part of the world we are, 
all we have to do is to watch the moon until this 
contact occura, and when w e see it w e know that it 
is just ten at Greenwich, and so we get the Green- 
wich time to compare with the time on board the 
ship. Wo may conqiai^ the staiTy heavens to the 
dial, and the moon to the hand which points out 
time, to all who can read that mystic clock. The 
early navigatoi's of the last century deptuided for 
their longitude entirely on lunar obseiwations. 

Tlie Greenwich time may also l»e found by ob- 
servation of any marked event in the heavens, as, 
for instance, by observing the moment when one of 
Jupiter’s satellites diHa])j>ears l)ehind the planet, 
the Greenwich time for which w'ill l>e found in the 
“Nautical Almanac.” 

When the latitude and the longitude have been 
ascertainel by trustworthy observations, that lati- 
tude and longitude ai’e accepted as true, however 
much they may differ from the results afforded by 
the dead reckoning, and the iK)8ition of the ship 
is marked on the chart according to these ob- 
seirvations. The difference between the observed 


position of the ship and the poiatim indkated hy 
the dead reckoning is fuU of intereet Xt is probaUjr 
due to a current which has drifted the ship in one 
direction, but it may be due to the leeway made by 
a shii> under sail, and insufficiently allowed for in 
tlie log ; or it may result from careless steering, 
or fiom inaccui*acy on the part of the officers whose 
duty it has lieen to write up the log. The inin- 
cipal ocean cuiTents are now so well understood 
that no captain ought to accept a current as the 
explanation until he has satisfied himself that the 
difference is not due to some other cause. In iron 
ships the difference may lie duo to a deflection of 
the compass ov er and above its known deviation. 
This deviation i.s carofully aaceiiained for each 
Itohii of the compass before the ship leaves port, 
and a table of deviations is snjqiJied to every ship, 
whether she l)e built of wood or iron ; but a change 
in the cargo of a ship may affect the oomjiass, or 
a different distribution of any iron on board ; even 
the knife in the steei'sinan’s jKicket has been known 
to affect it, and it is well every day to comparo the 
compass-bearing of tbe sun or some other heavenly 
lx)dy with its time bearing, ascertained by calcula- 
tion, to sec whether the dev lation-table still I’emains 
corroct. 

These arothe methods most geuerallyin use among 
seamen, when far out at sea m blue water ; but the 
use of the lead and line, when nearing land, deserves 
some mention in this paper. Many parts of the sea 
have been so carofully surveyed that not only is the 
depth of water marked in the chart, but even the 
nature of the bottom of the sea, whether it be iXKjk, 
or sand, or shells, or clay, or mud. Specially and 
elabomtely has the British Channel been surveyed, 
and in foggy weather, wlnui neither sun, moon, nor 
star is visible, the seaman can confidently grope 
his way up Channel, trusting to the lead alone. 
There is a cavity filled with tallow at the bottom of 
the leaden plummet ; the lead line is marked at 
every two or tlmee fathoms, and when the depth 
lias lieen ascertained by the line, the lead is drawn 
up to the surface, and the nature of the bottom 
known by the marks on the tallow. Three or four 
casts of the lead will determine with certainty the 
position of the ship. If, for instance, the first cast 
of the lead shows 30 fathoms of water, and a sandy 
bottom ; the ship runs a mile east and then gets 28 
fathoms, with sand and shells on the bottom; the 
ship mils a mile farther, and a third cast of the 
lead shows 27 fathoms, with a bottom of broken 
shells ; the probability is that there is only one 
place in the British Channel where such a result 
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tan be obtained; shooid there, however, be any 
doubt, a fourth cast of the lead would diow the 
ship’s posHion unmistakably. 

But for ocean voya^, it is to the heavenly bodies 
alone that the seaman can look for guidance ; he 
soon learns the names of the principal stars and 
constellations ; they become his familiar and trusted 
friends ; they speak to him a language which the 
landsman knows not Evening after evening does 
he watch for their re-appearing as the daylight 
fades ; and knowing exactly whore to look, he dis- 
cerns their first faint twinkle. From them he draws 
the imagery of his songs ; the ideal of his eaiiihly 
love is the pole-star, to which his heaii; ix)ints true 
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as the needle to the north. When he thinks of his 
Poll or his Nancy watching for his return in the 
little village on the cliff, to which his heart so 
fondly turns, he sings — 

“ Bright stars shall represent tliino eyes, 

The spotless moon thy soul.” 

Amidst the ceaseless changes of winds, and waves, 
and weather, the stars, which to the landsman ait) 
merely beautiful objects in the night landscape, to 
a sailor bring a feeling of boundless confidence and 
security. They are ocean sign-posts of ceitain 
accuracy, fit types of Him “ in whom is no variable- 
ness, neither shadow of turning,” 


GEYSEES. 

By rROFPssou W. F Barkett, F.KSE., M.li.IA., etc 


P erhaps none of the gmuder operations of 
nature awaken more interest m a thoughtful 
mind than the two magnificent jihenomena which 
form the subject of the present and succeeding 
2 )a})ers — namely, Geysers and Glaciers. Every one 
knows that a gei/ser is a gigantic and intermittent 
fountain of boiling water, found not only in Iceland, 
whei’e they are best known, but also in New 
Zealand, and on a vast scale in a district of NoHli 
America known as the Yellowstone Kegioii. The 
gldciei', on the other hand, is a huge river of ice, 
slowly moving down a mountain side, perpetually 
melting in the warm valleys below, and as jierpe- 
tually renewed by the snow-fields above. The 
pi*esent glacieis of Switzerland or of Norway are, 
however, very much smaller than those gigantic 
sheets of ice which swathe the interior of Green- 
land, and that once covered whole regions of this 
country and the Continent of Europe.^ Not only 
do these phenomena, in their magnificence and 
ceaseless unrest, afford a sublime spectacle, but they 
appeal to the reason as well as to the sight. For 
the geyser tells us that beneath the ice-clad surface 
the ground is a source of unquenchable heat, a 
hidden storehouse of tremendous energy ; whilst the 
glacier speaks of a realm of perpetual cold that 
remains unwarmed though traversed by the rays of 
a tropical sun. Mankind, with all its appliances, 
cannot altei* by the smallest fraction of a degree this 
inner bosom of heat nor this outer mantle of oold. 
Neyertheless, in the slow march of ages these con- 
* ” Science for All,” p. 39. 


ditions have changed, and still are changing, for the 
tendency of nature is towards uniformity. As the 
sea rounds the ^Kibble on the shore, and strives to 
level the surface of the earth, so under the opemtion 
of time broad diffei*ences of teinporaiure gradually 
disajipcar. Time is, in fact, a most pitiless com- 
munist. Thus, the extremes of heat and cold are 
less th.ui once they were, and hence the glacier, and 
probably the geyser, of to-day are but as pigmies 
compared with the giants that were in existence in 
years long ])ast. As if, however, to teach man the 
humbleness of his i cason as w(‘ll as the smallness of 
his strength, these ancient and impressive pheno- 
mena have as yet received but a jiai'tial cx])buiation, 
and thal only at the present day. This much, 
however, is evident to the most ignomnt — in the 
geyser wo have water boiling and boiling over j in 
the glacier we have water frozen and slipping down 
the mountain side. Out of the commonest of all 
things — water — ^we are presented with the most 
imposing of ajipearauces and the most puzzling of 
physical problems. 

To the geysers let us first address oui-selves. The 
boiling springs of Iceland are lietter knovm than 
those elsewhere. They are situated neai* the great 
glacial plateau in the south-centrjil ])art of the 
island, some score of miles from Hecla, and some 
300 feet to 400 feet aliove the sea. The Great 
Geyser is the most conspicuous of the Icelandic 
group (Fig. 1). Observed at rest, all that is seen 
of this geyser, wliich may be taken as a typical one, 
is a saucer-shaped pool of hot water, contained 
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ill a smooth circular basin from 40 feet to 50 feet 
in diameter. In the centi-e of the basin is a tube 
nearly 10 feet across, and some 70 to 80 feet deep, 
and this, of course, is also filled with water, near its 
boiling-point. Within this tube lies the secret of 
the seething fountain that periodically bui’sts forth, 
accompiuiied by vast clouds of steam, and with 
riunbling Bounds and mttling explosions, causing 
the eiii-th to quake for a considerable distance 
around. The word geyser (pronounced ‘‘giser”) is 


interesting account of an eruption, given by an eye^ 
witness : — 

“ It was a gi’and display, and well worth all 
the waiting. Instead of ending suddenly or 
gradually, the steam salute shot faster and faster ; 
thuds followed each ocher rapidly, and the whole 
ground shook; then the sound of dashing water 
and the music of waves was added to the tur- 
moil. A great dome i*ose in the middle of the 
pool, and frequent waves dashed over the edge of 



Fig 1 .— Tkb OasAT Gbtser, Icblavd. 


derived from the Icelandic word (/ei/sa, to be im- 
pelled’* — that is, something gushing forth. It is 
commonly imagined that if one visits the geyser 
district, an eruption is sure to be seen within the 
course of an hour. But this is by no means the 
case — at any rate, so far as regards the display of the 
(Ireat Geyser, which is the special object of attraction. 
Moreover, it is to be regretted that the intervals 
between the eruptions of this geyser are growing 
longer and longer. In 1770, the Great Geyser 
broke into eruption nearly every hour; in 1814, 
every six hours; in 1872, only once or twice a 
week; and now often a week is spent fniitlessly 
waiting for an eruption bo occur. Here is an 


the basin, while streams ovei-flowed and drenched 
the whole mound. Great masses of rolling steam 
burst out of the water-domes, and rose in the still 
air, swelling like white cumulus clouds against a 
hard blue sky. At last the whole pool, 50 and 
odd feet wide, rose up, a single dome of boiling 
water, and burst ; and then the column in the tube, 
70 feet deep and 20 feet wide, was shot out of 
the bell-mouthed blunderbuss with a great burst 
of steam. The charge scattered ; it rose about 80 
feet, and most of it fell back and sank in with a 
rush; and so the glittering fountain rose thrice, 
like some mighty growth.” 

* Campbell : “ Froet and Eire,” p. 41.^ 
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The height to which the column of water is 
thrown has been variously estimated. The earliest 
records — a century ago — say 360 feet; but in 
modem times 100 feet seems to be the general 
opinion, and this has been confirmed by careful 
measuiements made by competent observers. 

Having thus obtained a glimpse of the pheno- 
mena attending an eruption of a geyser, we shall 
have more intciest in searching for the explanation 
of these wonderful fountains. Tlie clue to their 
mystery will doubtless be found in a careful study 
of boiling water. Water, when it boils, turns into 
an invisible vapour, steam. Incidentally wo may 
remark that most i)eo})le imagine steam is the 
visible cloud we see issuing from a kettle or a loco- 
motive. But it is not so. True steam is quite 
invisible : the white cloud we see consists of water 
finely divided — a water-dust, as it were — and these 
imj)alpable parti (.‘les of waU'r aie for a time sus- 
pended in the air by rejison of tluur (‘xtreme light- 
ness. Any one can easily illustrate this. Put a 
kettle on the fire, and let it boil vigorously, so that 
a good cloud of so-called steam issues from the 
spout. Now light a toj’cli of paix'r, and hold it 
beneath the cloud near the s])out. Instantly the 
cloud vanishes. The steam is there, but it is 
invisible. The heat has convei’ted the myiiads of 
fine ]mrticles of vvatei* formed by the cool aii* of the 
room into the perfectly invisible vapour of water, or 



Pig. 2.— Showing relative Bulk of Steam to the Water whence 
it i« derived. 

true steam (p. 31 ). If we could see inside the kettle, 
as we can see inside a glass flask in which a little 
water is boiling, a space as tiansparent and invisible 
as air would occupy the interior. As, however, 


we have no word to designate the white cloud 
of partially condensed steam, we must understand 
the limitations under which the word steam is used 
when applied, as is usual, to the cloud of fine spiay. 
Now when the water is converted into true steam, 
the latter occupies a volume 1,650 times as large as 
that of the water. This is easily remembered by 
observing that a cubic inch of water is convei’ted 
into about a cubic foot of steam. A simple oxjion- 
niont will illusti-ate the large bulk occuiued by 
steam relatively to the water whence it was deiived. 
In the bulb a (Fig. 2) is phujed some water, which 
is kept boiling by means of a spirit-lamp, and thus 
the upper lialf of the bulb and the tube A c arc 
filled with steam. When the lanij) is tiikeii away, 
this steam is condensed by the cold water in the 
\cssol c, which is observed to rise slowly in the 
tul)e till it has rounded the bend, when it rushes 
tumultuously into the bulb A, and fills it entirely 
with water, l^he steam has been condensed to a 
very small (juantity of water, i-elatively speaking. 
An empty Florence oil-fliisk may l)e used for this 
expenment. Boil a little water within the flask, 
and then, whilst the water is boiling and the steam 
issuing from tlie neck, suddenly invert the fljisk in 
a basin of cold water. Uji will rush the water, and 
fill the flask with a blow that sometimes drivi^s the 
bottom nglit ofl*. The condensation of the steam 
has made a partial vacuum in the bulb or flask, and 
the pressure of the atmosphere urges up the water 
below. Tliis is the principle of Saveiy's early form 
of steam pump ; for the water would also have 
risen if the tube had been any height less than 
30 feet to 34 feet. A more striking exjxjriraent, 
i]lustr.iting the same fact, may be made with 
a tin canister having a nan'ow neck. In the 
canister a little water is boiled, and whilst boiling, 
the neck is corked. On i)Ouring cold water over 
the canister, the sides are completely and siuhleidy 
crushed in. The cold water condenses the steam 
within, thus causing a gre^it shrinkage of bulk, and 
consequent diminution of pi*essure ; so that there is 
nothing to oppose the external atmospheric pi’essure, 
which crushes in the sides of the cylinder. 

It is this largely augmented bulk given to the 
water, this clastic force imparted to it by heat, that 
drives the steam-engine, and which is evidently the 
motive force in the geyser. In 1812, Hir George 
Mackenzie, in his now classical work, Travels in 
Iceland,” proposed an explanation of the geysers 
founded on this principle. He imagined that the 
geyser-tube communicated at its lower extremity 
with some subten’auean cavern, the neck of which 
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was contracted as shown in Fig. 3. These cavems, 
partially filled with water by percolation through 
tlje soil above, were, he suj)j>osed, heated by heat- 



Piff 3. — Showing Gnyser-Ttibe m coinmumcatiou with 
Subtermueau Cavern 


conducting rocks, which deiived their warmth from 
the internal heat of the earth. Tlie water would tlius 
be boiled, and the steam so generated would ac- 
cumulate in the space above the water until it gained 
an elastic force stifficieut to blow the water out of 
the tube. Or, failing this, tlie steam escajnng 
round the neck of the cavern by pushing the water 
before it, would condense in the cooler water of the 
tube, and thus cause merely a risuig and falling of 



Pig 4.->-Illustratmg the Cavern*' Theory 


the water witliin the basin above, as is seen in 
some of the geysers. 

To illustrate this theory, we may pai’tly fill an 


ordinary chemioal retort wSlli 
the neck upward, heat the hulb^ ^ 
sent the cavern, as shown in Kg. 4. Am soon as 
the water begins to boil, the coliittm of water in 
the tube is lifted up, steam esoapes round tihe ben<4 
the pressure is relieved, and the column subsidea 
By tightly corking the end of the tube, we may, of 
course, obtain an accumulation of pressure, which 
ultimately will blow out the water with a consider- 
able emption.* 

Simple as is this explanation, and long as it has 
held its ground, it probably does not represent the 
true cause of the activity of the geysers. Fortunately 
for science, Robert Wilhelm Bunsen, the great 
Genuan chemist, has given us a key which un- 
locks the mystery of the geyser crui)tion, without 
resomce to any hy[)othetical subterranean cavern. 
Just prior to an explosion, Bunsen was able to 
take the tom])erature of the water at various depths 
in the geyser-tube. Fioin these observations he 
was led to projiouiid fui ingenious and satisfactory 
exijlaiiation — one subsequently verified by Pi’ofessor 
Wiedemann, who, guided by Bunseii^s theory, con- 
structed an excellent artificial geyser simply with a 
long, stiaight tube of water, heated at the bottom. 

Let us now try to understand the nature of 
Professor Bunsen’s theory, as it [irobahly represents 
the true explanation of the geyser fountain. Under 
orduiaiy circumstances, water boils in an open 
vessel at a constant temiKjrature, whicli is 212°’ 
upon the Fahrenheit thermometer, at the sea-level. 
However much heat we may supply to the water, 
it will get no hotter by continued or violent boiling, 
so long as the vessel remains uncovered. But the 
result is very difieront if a cover be put on the 
vessel and tightly fastened down. In this case the 
steam cannot escape, and thus the heat given to 
the water can no longer be carried away ; the con- 
sequence is that the temperature rises above the 
ordinary boiling-point; and if we had a vessel 
strong enough, we might make the water as hot as 
molten brass. Tlie high temperature that can be 
given to water under pressure, led to the invention 
of the ** digester,” which is commonly employed in 
the manufacture of soup and gelatine. On the other 

* A modification of this oavem theory has been proposed by 
Mr. Baring-Gould. Mr. Oould suggests that a tube bent at an 
obtuse angle is all that is necessary ; the water being heated 
in the sloping and shorter arm, steam will accumulate which 
will ultimately eject the cooler water from the mouth of the 
longer, verticad arm. A small model, Mr. Gould states, per- 
fectly realised his expectations, but the present writer, having 
made a model after Mr. Gould’s directions, has failed to obtain 
results at all analogous to the geyser eruption. 
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hmif if m lemn the ataeqiheric precmire whidi 
onginellj rested upon the earfaoe of the water^ 
it will at a temperature below the ordinary 
boiling-point. In fact, this is one way in which the 
height of mountains can be ascertained — ^by care- 
fully noting the temperature of ebullition at various 
altitudes^ for it is found approximately that the 
boiling-point of water is reduced 1° Fahr. for every 
590 feet we rise above the sea-level. At the top 
of Mont Blanc, for example, the boiling-point of 
water is 185® Fahr. Beyond that point we cannot 
raise the temperature of the water in an open vessel, 
at this elevation. A simple and pretty experiment 
enables us to prove the dependence of ebullition 
upon pressure. If water be boiled in a Florence 
flask, the lamp removed, and the flask instantly 
corked, the water can again be made to boil by 
simply condensing the steam m the upi)er part of 
the vessel with a wet cloth. Condeiisatiou of the 
steam diminishes the pressure within, and the 
temperature of the water being above the boiling- 
point at this pressure, it entei*s into rapid ebulli- 
tion, which can be renewed from time to time by 
afiesh condensing the steam (p. 30). By inverting 
the flask we may use a block of ice to condense the 
su£X>rmcumbent steam, and thus boil tlie water by 
the apj)lication of cold, as is shown in Fig. 5. It 
will l>e understood, of course, that the water, 
tliough boiling, is not so hot as if it were boiling in 
the open air. The following table shows at a glance 
the boiling-point of water at various places : — 


Name of Place. 

Height lu 
Feet. 

Mean Height of 
Barometer 

Boiling point 
of Water. 





Fahr 

Mont Blanc .... 

15,790 

16 6 mches 

186° 

Quito 

9,541 

7,471 

20 7 


194° 

Mexico . . 

22-6 

n 1 

198° 

St. Gothard 

6,808 

23-1 


199° 

Brian<;on . . . 

4,286 

26-4 

99 

204° 

Madrid 

1,995 

27*7 

99 

208° 

Moscow . . 

984 

28*4 

99 

210° 

Vienna . . . . 

436 

29*4 


, 211° 

Level of the Sou 

0 

30-0 


1 212° 


Feet deep 




Bottom of a Lake . . 

34 

(60*0 „ 
lor 2 atmos 

250° 

„ „ Groat Geyser 

77 



280° 

„ „ Artesian well 

1,000 

29 

„ 

463° 

„ North Pacific 1 
Challenger sounding J 

23,700 

728 

It 

(Tin melta } 

900° 

tBron^ melts) 

Probable depth of parts 




of the ocean. . . . 

32,500 

1,000 

ff 

963° 

(Rad heat ) 


It should be noticed that as we descend in a 
mine the boiling-point of water is raised; and if the 
water could be made to boil at the bottom of an 
artesian well a thousand feet deep, the pressure of 


the superincumbent column of water, together with 
that of the atmosphere, would be equal to 29 
atmospheres of pressure, and under such dreum- 
stances water would boil at a temperature of 453* 



Fig. 5.->Illustratmg tlio Dependence of Ebnllition upon Presenre- 

Fahr. Calculated in this way, at the greatest 
depth of the ocean, water would be raised to a 
temjieraturo of red heat before it wojild boil. 

We may now apply these facts to geyser erup- 
tions. In the next diagram (Fig. 6) is given in 
section a view of the Great Geyser of Iceland, and 
by its side a series of temperatures carefully taken 
at the depths given in the first column. ♦ In the 
third column is placed the calculated temperatui'e 
at which the water would l>oil at those deptha 
In every case it will be observed that the actual 
temperature before the eiuption was below the 
proper boiling-point for the particular sjK)t. A 
ledge was noticed, in the soundings taken, not far 
from the bottom of the tube, and from under this 
ledge steam seemed to be issuing. Let us suppose 
that the temperature gradually rose to the theoretical 
boiling-point at this spot. Steam would then be 
formed, and would lift up the column of water to 
some extent ; the pressure in the tube would thus 
be diminished by the water spreading into or over- 
flowing the basin above. At 45 feet the water had 
a temperature of 251° Fahr. ; even were this tem- 
perature not increased, hut the depth merely reduced 
by the surface overflow to 36 feet, the water would 
be at a temperature above its boiling-point at this 
deptL For here it would boil at 250° Fahr., and 
the actual temperature is 251°. Having thus an 
excess of heat above its boiling-point, a sudden 
generation of steam would take place, which would 
eject the column of water overhead. Furthermore, 

* These temperatures were taken by Mr. B. Walker. See 
"Proceedings of the Boyal Society of Edinburgh, April, 1875. 
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the moment the pressure is diminished throughout 
the tube, the stored lieat in the water below would 
generate large quantities of steam in the lower pai*t 
of the tube, and the whole mass of water above, 
with the contents of the basin, would be hurled 
into the air amid clouds of liberated steam. The 
water, cooled by its eruption, and falling back into 
the basin, will be once more heated, and after a 


The wooden supjiorts rest in sockets in the baton, 
from which they can easily be removed ; they aro 
br^d together to give rigidity. A smaller geyser 
may be made of a tin tube 3 feet long, inches 
wide at the bottom, tapering to f inch above, 
with a basin 2 feet in diameter. ^ The large geyser 
erupts periodically about every ten minutes, and 
the smaller one about every minute. The heiglii 
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time again expelled, pi’oducing the periodic eruptions 
that are observed. 

Tlie construction of an artificial geyser, therefore, 
simply requires a long, straight, water-tight tube 
fixed into a basin overhead. It is convenient to 
heat the l)ottom of the tube with gas, and to 
imitate the heating a little higher up the geyser- 
tube by a spiral of gas-flames, fixed about a foot 
or so from the lower end of the tube. Fig, 7 shows 
the whole apparatus. The present writer has had 
tubes of various sizes made, and the following 
dimensions may be found useful. The large geyser 
shown in the figure has a tube of galvanised iron 
5 feet 6 inches long, and 4J inches in diameter at 
its lower end, tapering to, say, inches at the 
upper. It is convenient to make the tube screw 
into the basin, wliich is about 4 feet in diameter. 


to which these periodic eruptions rise is about 
3 feet in the large tube and 1 foot in the smaller 
one. By coiking either of the tubes, however, we 
may obtain a magnificent eruption of upwards of 
30 feet high in the larger tube, mid some 15 feet 
in the smaller one. Tliis corking of the tube 
is but an imitation of what is actually done to 
provoke the eruption of a smaller geyser in Iceland, 
known as the Strokr, or ** churn,” an amusing ac- 
count of which is gi\en by Mr. Campbell in his 
“ Frost and Fire ” : — “ Strokr is a conical oval pit 
8 feet wide at the to]), and less than 6 inches wide 
near the bottom, 36 feet down. The water is 
always surging, growling, and frothing about within 

• To Mr G. With, of Hereford, the writer is indebted for 
the results of a series of experiments with geyser-tubes of 
varying length. 
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6 feet of the top. By turning a barrowful of turf 
into this pit, this kettle is made to boil over; steam 
is stopped, the water is stilled for some minutes, 
and the wad is greatly heated below. Then a dome 
grows and bui’sts, and wad, and water, and steam 
from the gun are thrown up like a giant sheaf of 



, 7.*~Model of OojrBer. 


com. First the water in the well makes a furious 
swirl, like an eddy from a stricken whale in shoal 
water; and then the column rises and overflows 
slowly, with increasing swiftness, till the dome rises 
up and bursts, to make way for a steam bubble as 
big as a balloon. XJp go the projectiles, and down 
they come in showers and streams, to rise again 


with furious bursts ; and woe betide the spectator 
who gets -within range of tliis scalding spray.” 

Another traveller in Iceland (Captain Forbes, 
R..N.), who eighteen years ago published an in- 
tei'esting account of his travels in Iceland, describes 
how he made use of an eruption of the Sti’okr 
to cook his dinner, which he tied in a cloth and 
threw into Strokr, after administering what he 
8upi)osed was a forty-minute dose of turf. “ Seven 
minutes after time my anxiety was relieved by a 
tremendous emption, and, surrounded with steam 
and turf-clods, I beheld iny dinner in mid-air ; 
down it fell close to the brink. The mutton was 
done to a turn.” 

But Great Geyser and Strokr are not the only, 
though they are the most notable of the boiling 
fountains in the geyser-district of Iceland. There 
is the active spring known as Little Geyser, which 
is peq)etually tossing up jets of water to the height 
of 3 feet ; its mouth, however, is only some 2 feet 
across, and its vertical depth not much more than 
12 feet. “Close to the Little Geyser” — and here 
we .'^uote from Mr. Baring-GouhVs “ Iceland : its 
Scenes and Sagas ” — “ is a puddle of black mud, 
presenting the most ludicrous aj)|>earance. It re- 
mained tmuquil for about half a minute, and then 
a bell rose like a thumb, to the height of 4 inches, 
and sank back again, without bursting, scattering, 
throwing out steam, or making the slightest sound. 

I named it * Jiick-in-the-Box.' But Jack was not 
always so demure; on my choking the throat of 
the Little Geyser with turi, I found that the slime- 
puddle was converted into a jet of steam and inky 
water, which jdayed with vivacity till the Little 
Geyser had relieved itself of its dose. South of 
these are some limpid pools, so hot that the hand 
cannot be borne in them for an instant. . . To 

the north, on the farther side of a scalding brook, is 
a noisy foiuitain, which may have played at one 
time to a considerable height when it was not choked 
with stones. Now the water only escapes in hot 
squirts, which fizz and growl among the encum- 
bering ft'agments without the power of dislodging 
them.* Proceeding north-east from little Geyser 
are several splits and holes in the incrusted floor 
which extends to the Great Geyser. Down them 
the water can be seen and heard, lashing and 
sobbing, whilst the steam blows ofl* from the 

* Mr. Gould here utters a protest, in whioh we heartily join 
hkn, against the mischief toiurists do in choking the thrMts 
of these boiling fountains with stones. Turf does no harm, 
but stones are an indigestible bolus which often proves a fatal 
dose to a geyser. 
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oiificos. The largest of these is a tunnel, with 
a bent pipe, so that the water cannot be seen, 
though heal'd roaring angrily m its don.” Then, 
close to Stroki is a boiling well, and other hot 
springs of water and mud are near the Great 
Geyser, as shown in the above sketch-plan, from 
Mr. Gould’s work (Fig. 8). Two lovely and deep 
l>ools of still blue water, connected by a bti'eam 
not far from the Great Geyser, excite every 
traveller’s admii-ation. Beautiful siliceous petri- 
fications, of which we shall speak presently, are 
to be seen far down in the water, tinted green 
and blue, while the edge on which one stands 
shelves over the water. These pools are much 
higher than the Gieat Geyser and 8trokr; there is, 
in fact, a range of 50 feet in the difference of level 
among tlie various springs and j^ools in the geyser 
district. The district itself is compamtively small 
—only some 440 yaixls in one direction, by 140 in 
another. Its position is peculiar; to the north a 
range of hills rises out of the plain, and soutli of 
them a volcanic rock— trachyte— has been forced like 
an island out of the morasses, to the height of 600 
feet : on this slope are the geyser-jets. Tlie first 
springs reached are in a maish of mud and moss, 
and lie on the south-west comer of the district. 
‘‘The Great Geyser,” Mr. Gould continues, “is 
furthest east of all the springs ; it is indicated 


by a mound of sintery deposit, like a heap of dry 
grey loaves, piled up about 30 feet above the soil.” 
At the summit of the mound is the basin, generally 
full to ovei flowing. According to Mr. Gould, it 
measures 56 feet by 46 feet, and is 4 feet deep, 
shelving gently to the boro, which is 9 feet 6 inches 
acioss, and 76 feet deep. After patiently waiting 
a cou])]e of days, Mr. Gould saw a magniticont 
eruption of Great Geyser, heralded by violent con- 
cussions of the ground, and a loud rumbling noise, 
wliich made the ground tremble to a considerable 
distance around. This sound, no doubt, is due to 
incipient attempts at an explosion, followed by the 
sudden condensation of the steam within the tube. 
By leading steam from a small lecture-table boiler 
to the bottom of a vessel conbiining water, these 
rattling sounds may be well imitated, together with 
a shaking of the whole apparatus following each 
detonation. 

In fact, there is no reason why artificial geysera 
might not be perfectly well set up, on a somewhat 
large scale, in places of popular resort. There is 
one beautiful feature, however, in the geyser which 
cannot be ariiAcially imitated — at any rate, within 
reasonable limits of time — and that is the forma- 
tion of the tube and basin of the geyser. To this 
let us now turn. 

The water that is ejected from the geyser is 
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iinpregnateil with silica or flint, a substance which 
e-very one knows is a most insoluble body. At a 
high tempersiture, however, water is able to dissolve 
silica to some slight extent. Mr. Earadiiy, more- 
over, ascertained that the solution of silica is in-o- 
moted by the presence of soda ,* and tliis alkali is 
contained in the volcanic rocks in the neighbour- 
hood of the g(»yH(T. When the hot silicc'ous water 
is cooled by exposure to the aii*, the silica is de- 
posited, being no longer able to remain in solution, 
not only on account of the cooling of the water, 
but also because a deconi]>osition of th(' compound 
of silica and soda takes plac(^ owing to evaporation 
and the action of the carbonic acid in the air. The 
silica is thus deposited us a solid crust, which hardens 
into a rock, called aiUceona suiter. Vast quantities 
of this sinter are d(*])osited by the hot siliceous 
Bpiings in 8t. Miclaud’s, an island of th(‘ Azores. 
Objects placed in these springs become rajudly 
petrified by the incrustation of the silica, just as 
in our Derbyshire caves birds’-nests and otlnu* 
things are petrified by tht* cah;areous wat(*r, which 
d<')K)sits successive layers of lime. In the ^n^yser- 
basins, leaves of the birch-trec tind \arious coarse 
grasses are found in this pet lifted state ; and very 
beautiful some of thes(‘ petrifactions are, for the 
precious opal is clicmically the .same substaixce as 
this sinter ; and, indeed, tlie smooth ))asin of the 
gc3^s(n• i.s lined witli Ci \aricty of oj)al, denser and 
more translucent than flic sinter round the (*dge. 

These facts rendtT easy to understand how a 
bubbling tluainal spring cvin and does I’aise u]) a 
boundary-wall around ifc.self. Then, as the wat(*r 
flows over the embankment it has made, the walls 
will grow higher and thickoi', until at last a ba.'-in, 
and ultimately even a tube, may thus bo formed. 
Ex])erimcnt has shown tha^ in twenty-four hours 
a film of .silica as thick a,s a sheet of thin writing- 
paper is deposited. At this ra>, l,():Ui years w^ould 
rear the tulx' of the (Ireat (Jey ser. The overflow 
of the silica-ladon water would, of course, gradually 
form an embankment siUTOunding the inner tube, 
and in the lapse of time the debris and aqneoxis 
deposits from the suiToundiiig hills would tend 
to diminish the apparent altitu h* of tlie hollow 
cone. Thus we should have much the appeai'ance 
that is now presented in the gey.s/u’ districts of 
Iceland, j^n interesting confirmation of this theory 
of geyser gi-owth is derived from history. In the 
earliest trustworthy records of Iceland, wdiich date 
back 1,000 years, there is no mention of these foun- 
tains of boiling water ; and hence, as so striking an 
object would be sure to have aivested attention, 


we may reasonably conclude that the geysers were 
not then in ojieration. The first notice of the Great 
(Teyser occurs nearly seven centunes ago, when, if 
the observed rate of siliceous deposit is to be de- 
piuided upon, its tube must have been about 25 feet 
deep. Two hundred and fifty years ago, we find it 
rceorded as regularly erupting every twenty-four 
hours. Ihit as the tube grows higher and the 
colanin of water within deeper, and the pressure 
btdow gi’eater, a more exalti*d tempei'iiture is neces- 
sary to reacli the boiling-iionit, and hence longer and 
more uncertain periods should inteiwene between 
each eruption. This is, indeed, precisely what has 
occurred. At length, if the process of accretion bo 
continued, w e should expect to find an eniptiou at 
rare intervals ; and nltimately the great de})th ot 
the column of water would create so enormous a 
pressure that the temperature of the boiling-point 
eonld never be rcaclit‘d by the source of beat below, 
and th(^ gtwser would then cease to erupt at all. 
This suicidal ending of a geyser’s life actually takes 
place, for, in the neighbourhood of the active gt‘ysei's, 
there ai‘e to be seen mounds containing pools of 
winter or “ lungs” of gi*oat depth, wliich ai’e dou])t- 
less extinct geysers. 

In fact, an iutcTe.sting ox])eviment made by Mr. 
Baring-Gould, which has not received the attention 
it deserves from its inqiortant bearing on this i)oint, 
exiieiiincntally showed the po.ssiliility of killing a 
geyser by suddenly inen^asing thf) diqith of w^ater 
in its tube*. ‘‘ We,” Mr. Gould writes, raised tho 
depth of the well soiitli of the blue ponds 20 feet, 
by turning the stream from these ponds into it, and 
comjdetcly altered its character, converting it from 
a well of furiously boiling water to a pool steamnig 
trampiilly. Not satisfied with this expennumt, wo 
tried another, and dug into a small puddle of hot 
mud. It w^as at once converted into a bubbling 
jjool of li\e jets.”^ Tliis, of coursi‘, is the converse 
ex])eriment— namely, relieving the superincumbont 
}u'es.snre t(» some extent 

Nowhere are the stages in the gi'owth of a 
geyser s(»en on a gi'ander or more perfect scale tlian 
in that wondeiful region of the Ilnitcd States known 
as tho YelJow^stone. This tract, which has been 
exjilored in comparatively recent times, lies in tlie 
liearfc of tlie Eoeky Mountains, at the norfh-west 
corner of the territoiy of Wyoming, in the vicinity 
of lat. 44*’ N., and long. 1 10‘' W. Witliin the last 
few years, a careful survey of the Yellowstone has 
been made by American geologists. Attention was 
first drawn to this remarkable region by the report 
* Iceland : its Scenes and Sagas,” p. 3C1. 
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of an exploring party who surveyed the district in 
1870: following the Madison River, one of the tri- 
butaries of the Missouri, they discovered, on its 
west bank, a valley, literally swarming with geysers 
and steam-jets, which, in volume, number, and height 
cf eruption, far exceeded the Icelandic* display. The 
most ])romiuent geysers were within an area two 
miles in length and one in width, and they rc'ceived 
the names of the Old Eaithful, the (ja->tle, the 
Grotto, the Giant, the Giantess, thci Fantail, and 
the Beehive geyser. The following descri[»ti()n is 
given by the artist attached to the survey-party : — 

‘‘ The most remarkable of all the boiling springs, 
was the bea\itiful geyser that was aj^propriately 
named the ‘Giantess.’ The gi-ound slo[)ed gently 
to the mouth of the crater, which did not pro- 
trude ahovc^ tlie sui’face, as was the ease with the 
other gey. Stas in active operation. Wh(*n cpiic^t, 
it was a clear, beautiful ])Ool, eauglit in a silica urn 
with a hollow, bottomless stem, through which the 
steam eann* bubbling like tljo enervescence of 
champagne* from the bottom ot a long, hollow-nc'ckecl 
glass ; the* month of the vase, r(ipr(‘S(*nt(*(l by the 
surface*, was 20 feet hy 30, and the iu*ck, 50 fe(*t 
below, wan 15 ft*et by 10. All at once, it scHuned 
s('i/.('(l with a terrible spasm, and ro.se with in- 
cr(*dihh* rajudity, hardly affording us time to dee to 
a safe distauc*e, wdien it lauMt from the oridee wdth 
t(‘rridc mom<‘ntuiii, rising in a eoliimii the full size 
of this immense aj)ertnre to the height of GO feet; 
and through, and out of, tlie apex of this aqueous 
mass, five or six lesser jets were jwojected to the 
niiirvellous height of 250 feet. These lesser jets, so 
much higher than the main column, and shooting 
through it, doubtless proceed from auxiliary pipes 
leading into tho principal orifice near tin* bottom, 
whei'e the explosive force is gi’eater. This grand 
eruption continued for twenty minutes, and was 
the most magiiidceiit sight wo had yet beheld. All 
we had previously witnessed seemed tamo in com- 
parison with the i)erfect grandeur and beauty of 
this display.” 

Many other extraordinary natural features occur 
in this wondeiful district of the Yellowstone, besides 
geysei*s, and it is surprising that so unique a comer 
of the oai’th should only lately have become known. 
After the publication of Mr. Langford’s account, 
from which the foregoing extiuct is taken. Dr. 
Hayden, Director of the United States Geological 
Survey of the Territories, organised a scientific 
exploring party, and made a careful and systematic 
survey of the entire district. Numerous photo- 
graphs of the geysers were taken by Dr. Hayden, 


wliich confirm tho earlier descrij)tions ; in fact, 
Dr. Hayden slates that in the enqdion of the 
principal geyser he observed “a column of w^ator, 
api)arently 6 feet in diameter, to rise to the 
height of 200 ffj(*t, wliile the steam ascended a 
thousand feet or more. So steadily and uuiforml\ 
did the force act tliat tho column of water apjxiared 
to be held there for some minutes, j'eturning inu) 
the basin in millions of ]»rismatic drops. This w^as 
continued for about fifteem minutes, and tho 
rumbling and confusion attending it could only l)e 
compared to that of a charge in battle. Tt would 
b(‘ dillicult to describe tho intense excitement 
attending such a display, (Figs. 9, 10, 11.) 

The last iiKjuiry that suggests itself relates to the 
source of lioat wliich is the primum mahile of 
geyser activity. That a high temj)eratnro exists 
beneath the surface of the ground is jirovcd hy the 
gradual int*remeiit of tenqiernture wdiich is noticed 
in deep mines or wells ; whilst the jiheuomeim of 
\olcanic eniptions would seem to indicate a molten 
interior beneath the solid crust of the earth. In 
fact, tlie ])(‘riodic eruptions of some volcanoes, such 
as Htromholi, very much resemble tho action of 
the geys(‘i‘s. Some have sup]>osed, and with good 
grounds, that the infiltration of winter through 
minute fi.ssures in the bed of the sea or in the land, 
maybe the source of \oleaiiic distui-baiice. It is 
this infiltration which f(‘eds the geyscr-tube with 
water, but here only a mere surfaei* drainage is 
necessary. If. how'ever, tho water can slowly 
jienetrate through successive strata until it reaches 
the assumed molten interior, steam would be g(‘ne- 
rated and be unable to escaiie through the cajiillaiy 
passages, charged as they w'ould bt* with water. The 
enormous elastic force of the confined steam thus 
produced is, according to this theory, tho cause of 
volcanic activity, and in supi>ort of this it is observed 
that bubbles of steam are constantly found en- 
tangled in the eru])ted lava, and, moreover, vast 
clouds of steam* accompany every volcanic discharge. 
But in the case of geyser activity, wo have seen 
that we need merely a sutficiently powerful source 
of heat a])plied to tlie water in the tube, and the 
steam there generated will do tlie rest. Now, this 
heat may reach the geyser-tube through certain 
heat-bearing rocks which may play the pari of heat- 
conductors from below, or there may bo local causes 

* Various descriptions of the Yellowstone Kegion have been 
publislied. The best of tliem is, of course, Dr. Hayden’s ; but 
T^rd Dunraven’s “Great Divide,” “The Countries of tlie 
World” (vol. ii.), and a little work published anonymously 
under the title of “The Wonders of the Yellowstone Begion,” 
also give full accounts. 
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wliich generate a sufficient supply of lieat in the This suggestive observation has recently been 
proximity of the goysei-s, without reference to any confirmed by other scientific men. If we compare 
hypothetical central furnace. In geyser regions, the surroundings of the geysers of Iceland with th© 
which are also volcanic rogions, extensive beds of character of the soil in the geyser district of North 










Fig. 10.— Mammoth Hot Sprihos or GABonneB's 
Kivkk, YKLLOwsroiTK Bkoioh. 


sulphur and of j)yrites are to be 
found. Decomposition of the latter 
is readily produced by the agency 
of water and air, and in the piocess 
of decomposition great quantities of 
heat ai*e evolved. It was suggested 
by the late Sir Henry Holhvnd, that 
this might be the source of heat in 
the geyser. So long ago as 1810, 
this distinguished traveller and phy- 
sician, after a visit to the Icelandic 
geysers, wrote that ‘‘the source of 
the heat which can generate perman- 
ently so enormous a quantity of steam, must, doubt- 
less, reside below the rock. It certainly seems 
most probable that the appeai'ances depend upon 
the action of water upon vast beds of pyrites. Tlie 
heat produced by this action is sufficient to raise 
an additional quantity of water in the form of steam, 
which makes its way to the surface, and is there 
emitted through the ditferent clefts in the rocks.” 



America, the probability of chemical action giving 
rise to this internal heat is much strengthened. 
Mr. C. W. Vincent in this connection remarks* 
that “the whole of the Yellowstone district (in 
North America) is covered with rocks of volcanic 
oiigin, of comparatively modern date. Boiling 

* Burton : In a paper road before the Society of Artf 
(Jan., 1873). See ** Ultima Thule ; or, a Summer in Iceland.’* 
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Kprmgs, mud-caldrons, and geysers are found in all 
parts of the region, and the description given of the 
Yellowstone Ltike and its vicinity in eveiy respect 
coincides with those of the geysers, mud-caldrons, 
and hot-springs of Iceland 

“ In all cases there was found to be free access 
of water ; free sulphur was widely dispersed, and 
the steam-jets were invariably accompanied by large 


the history, and understand th* ' philosophy, of one 
of the most interesting ind cuiious of natural 
phenomena. We have seen how, in all probability, 
the geyser grows, bui'sts foi^th into tictive life, and 
then comes to an inglorious close. Its life-history, 
in fact, is well sketched by Captain Forbes, in the 
words with which we shall finish this paper : — “ The 
geyser in infancy is the bubbling thermal spid^g I 



Fig. II.—H0T SPBiva Of Ysllowbtons Lkxx. 


quantities of sulphuretted hydrogen. The subter- 
ranean action in that country seems to have been 
of sufficiently long standing to build up geyser-tubes 
of so great a length, that the internal pressure has 
found other vents, rather than lift the enormous 
column of water above it’^ 

And now we must bring this lengthy talk on 
geysei^s to a close. We have endeavoui’ed to trace 


matured in years, the roistering geyser; old age 
creeping on the tranquil ‘laug,’ light wreaths o: 
vapour crawl over the still simmering contents of 
its fiery azure grottos, where it calmly awaits the 
fleeting of its once restless si)irit, wliich is finally 
diverted amid the thunders of natural convulsions, 
leaving its sepuichi-al mound and ruined shaft as 
mementoes of its former vigorous existence 
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DOUBLE STARS. 

By T. E. EsrtN, B.A., F.K.A.S. 


W HEN we look up at the stars, we are aj)tto think 
liow still and peaceful they are : they appear 
quite stationary. And yet the astronomer knows 
that each one is moving — some with incredible speed, 
invisibly to the unassisted eye, yet visibly in part in 
the instruments at his disposal. He would tell us that 
those groups of stars — the Great Bear, and Orion’s 
starry belt, and many others we are familiar with — 
were all changing their form : a change visible to 
the naked eye only after innumerable yeara. There 
are no fixed stars. If we have a telosco|>o at our 
disposid, and turn it on different parts of the 
heavens, we shall soon come across staivs that 
ap}>ear single to the naked eye, but are resolved 
into two with very small optical power. And 
very often we see these two stai*s of the same size, 
and they seem to form a |)erfect pair ; and not only 
in siz(*, but wo find theii' coloui-s to be remarkably 
matcluMl, so as to lie complementary. Thus one 
star will lie orange, and its companion blue ; and, 
more rarely, a red star with a green companion. 
And we immediately i*omember tliat the combined 
light of the two stanj would be white in either 
case, for we know that white light is com])Osed of 
the three colours called primary colours, red, 
yellow, and blue. Seeing, then, this peculiarity, 
we are next led to intpiire wln^ther there may not 
be Honn' connection between these two stars, since 
they lit so well together. Astronomers will tell iis 
that there is a connection between some — a most 
interesting one, for they find that many of these 
pairs have peculiar motions of their own, de[)onding 
on each other’s attraction. They indeed revolve 
round their common centre of gravity. A great 
many double stars (over 10,000) are now known; 
but not all of them are so coimected, for one star 
may bo a great distance l)ehind the other, as we 
often notice two objects ap|;>ear side by side, though 
one is in reality very much more distant than the 
other. 8ir William Ilerschel was the first to 
discover that certain stars, whose places he had 
determined, after a few years had manifestly 
changed their positions with rosj^eot to each other. 
In twont-y-five years he found iieaidy fifty tliat had 
so changed ; and now between COO and 700 are 
known. Thus a new field opened to astronomers, 
extending our wonders in the sidereal world, and 
calling up fi^esh thoughts on the fixed stars. Let 


us look at the jieriods of some of these hinwry 
stars, as they are called. Zeta (f), in the constellation 
of Hercules, has a very short period — only about 
thirty-six years ; next comes a star in the Northern 
Grown, Eta (r?) by name, w hose period is a>)Out forty- 
three years. These ai*e comparatively shoi*t jieriods ; 
but some have periods of thousands of years. The 
bright star Castor, in the constellation of the 
Gemini, has a period of 600 yeai^. But not only 
do w-c find two stars connected as in Gemini, but in 
some cases three, and more. And they vary, too, in 
size very greatly, and ai'e not, as we first supposed, 
only of the same magnitude. Sometimes there is a 
star with a very tiny companion — so tiny that only 
large instminents will show it ; and it has been 
thought that there are cases wluu’c these little 
companions shine by reflected light, just as the 
planets reflect the sun’s light, but with this 
difference — that w^hereas all our jdanets are quite 
small compared with the vast size of the star round 
which they revolve, and which we call the sun, the 
companions of these stars must bo of vast size. 
The star known as the Dog-star —-namely, Sirius — 
has a tiny companion so very close that it is only 
with large telescopes that it can bo seen. While 
mentioning big 8tai*s witli companions, we must not 
forget the beautiful companion to the star Antares, 
in the constellation of Scorjuo. Here we have a 
most fiery-red star wdth a tiny green couipanion. 
This colour is not the effect of contrast, as it may 
be ill some cases, for when the moon passed ovei 
Antares, Dawes saw the companion after the moon’s 
limb had hidden the bright star, and it was as 
gi*een as ever. 

Returning to our subject, we find that these 
connected systems consist lor the most imrt of two 
or more stars of the same or different magnitudes 
revolving round their common centre of gravity, and 
that some of the stars with companions may be the 
illuminators of their little attendants. Before we 
proceed to speak of some very curious thoughts that 
arise from the existence of these binary systems, we 
may well for a minute consider one of them : one 
whose movements have been so swift os to be 
easily visible from month to month. This star is 
situated in the constellation of Virgo, and is called 
Gamma (7). Herschel, from casual observations of 
older date, was able to attack the problem of a 
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solution to the orbit of this wonderful binaiy star. 
In speaking of his results, ho says ; — ** If they be 
correct, tlie latter end of the year 1833, or the 
beginning of 1834, will witness one of the most 
striking phenomena which sidereal astronomy has 
yet afibrded — viz., the i>erihelion passage of one 
star round another with immense angular velocity 
pbere he states the angular \elocity]. As the 
two stars will then, however, be within little more 
than half a second of each other, and as they are 
both large and nearly equal, none but the very 
finest telescopes will have any chance of showing 
this magnificent phenomenon. The prosj)ect, how- 
evei% of witnessing a visible and measurable change 
in an object so remote, in a time so short, may 
reasonably be expected to call into action the mo.st 
powerful instrumental means which can be ’u-ought 
to bear on it.” 

The passing of one star round the other occurred, 
howev’or, somewhat later— in lb3(3, wlien the stars 
were perfectly inseparable to ordinary teh^scopes. 
In the gi’cat telescope of Struve, at Doipat, they 
were still visible as a not })crfect]y round star. 
Since then, they have cx])anded more and more, till 
now they may 1 k^ seen with slight optical means. 
Thus, then, at a distance inconceivable, wonderful 
clianges have* been going on- changes which our 
minds fail to take iji. Could we write them down, 
figures would pile on figures till all sense of disbtnce 
was lost. Milos are useless for measuring : astro- 
nomers use something that travels at the rate of 
1 8 4,000 miles a B(‘cond — namely, light. Even then 
we could not half understand the immense distance 
of Gamma in the constellation Virgo. Many, many 
years must light travel to reach our little worhl 
from those two suns. They might even have been 
extinguished hundreds of yeai’s ago, and yet we 
should still see them — so vast are the distances of 
some stars. When we i*ead in 1877 of the new star 
that suddenly shone forth in the Swan, we perhaps 
forgot that whatever caused it to blaze out as it did 
was not in operation then, but that the combus- 
tion occurred hundreds of years ago. 

We have already seen how strangely the colours 
blend in many stars ; but there is a strong suspicion 
that the colours in some binary stars alter as they 
complete their revolution — nay, even that the stare 
themselves change in brightness. 

Wonder thus piles on wonder: first, we find 
two stars, which we believed to bo fixed, in rapid 
motion ; next, we find that they change in colour j 
and finally, that their apparent brightness is also 
variabla 


We know that this our little earth turns I’ound 
a centi*al body called the sun ; we know that there 
are eight other large bodies, which we call planets, 
also revolving in# oi'bits round the s\in ; and we 
have already called our sun a stai*, and we may 
well believe that all the stars we see ore suns. 
Home, we ai-e sure, diller gi*eatly from our own both 
in size and in structure, but yet they are suns ; and 
therefore it is a natural inference to say that these 
suns have planets which rotate round them, as those 
in our solar system rotate round our sun. And wo 
have seen that perhaps one or two of these planets 
La\ e actually been observed as comi)anioiis to big 
stars; and though those companions must be a list 
— perhaps as large as our sun, if not larger— 'and 
the controlling body proiioriionally large, we may 
look upon all other planetary systems us resembling 
our own ; and just as we may increase each side of 
an equation by the same quaniaty without affecting 
the relation la^tweeii each side, so v e may add vast 
masses to those distant suns, but yet retain the same 
fundamental basis. Thus we may argue when we 
think of single stars ; but what shall we say when 
we come to such stars as Cfamma in the constellation 
Virgo What combinations and wonders must arise 
there ! Let us in thought transplant ourselves to a 
planet attendant on out* of those suns. We have 
now two suns instead of one — two suns which 
we may well believe to be veiy vast compared 
with oure. Let us suppose the case of a planet 
which revolves round one of them. At one time 
at noon, two suns pour down their iigJit side 
by side on the ]>lanet; rather more than a 
quarter of the })laiie'^'s year elajises, and then 
one is setting when the other is only just reach- 
ing its liigh(‘st i)()int in the lieaA'eiis, and vice 
versd. In fact, no sooner will the west have lost 
the glow of tho one setting, than the east will bo 
tinge<.l with the other rising. Another quai-ter of 
a year elapses, and then there is no more night, for 
as one rises the other sets ; and a (piarter of a year 
later we have a repetition of the short night ; and 
then, after tinother quarter, regain the i)osition 
started from. But here we have supposed tho suns 
to lie in the same plane. But what now complica- 
tions will arise when they do not — when they are 
themselves moring at one time with prodigious 
velocity, at another very slowly 'I add to this the 
planet’s own inclination to its orbit. Tlien, again, 
what if we take into consideration the changes that 
the j)lanet must undergo from the varying light of 
these suns ] 

Suppose we take the case of a planet attendant 
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on one of the trinary stars. Tlien we have possibly 
an orange and two blue suns. What wonders wo 
should see in our imtiginaiy planet, besides those in 
the sky ! At one time, all throe suns will pour 
their light upon the planet, and then the light will 
bo wliito, just as it is on our earth. But suppose 
that at another i)ai-t of the planet’s revolution it 
comes lx*tween the orange and the two blue suns, 
then one-half of its day will be bathed in blue light. 
To imagine the effects, let us take a i)iece of blue 
glass, and look through it at the landscape, and we 
shall have souk* idea of the wonders that would 
ap])ear. But just as these two blue suns are s(*tting, 
the orange one will be rising, and all the marvels of 
liglit and shadow will come out in striking coiiti*asts 
and nnxhilations of sJiadc into shp«le. One side of 
a tree ^^ill reflect the Idue light, the other side 
orange. Those who have seen the light of our s(‘t- 
ting sun upon the snow ca})ped mountains of Switzer- 
land will know how wonderful the tints ar<‘; but 
what would they be on the planet we are imagining i 
P(*ilia}.s this planet has moons: there, again, what 
strange appeamnees there will he in tJie sky at 
night ! Sometimes these moons will aj'pear per- 
fectly white, when the three suns all illuminate 
them equally ; at another time, half blue and half 
orange ; and again, all blue, with just a crescent of 
orange ; or all orange with a crescent of blue. 
Imagine what wondeiful a])pearancea the inhabit- 
ants of a ])lanet with eight moons like Saturn would 
have. Tu the nearer, they would see the 0010111*8 
altering from Iionr to hour. So far, th(*n, wc have 
been speaking of the beauties of such a planet ; but 


just as it is improbable that on any of our planets 
beings constituted as ourselves could live, so we 
may say that we could not live on one of these 
imaginary planets. No jdanet revolving in an 
01 bit at any considerable distance from one of 
these suns, could accomplish a revolution without 
getting V cry mucli perturbed by the other two. Its 
inclination would be constantly changing ; its 
seasons would nev(*r be the same year by year ; and 
lastly, every rev ohition it would be imperilled by 
the attracting influ(‘nce of the other two suns. 
Very likely it would have scai’cely performed a 
revolution round one sun, before it would be 
dragged off, with the elements of its orbit entirely 
changed, to circle round another ; and so on thmugh 
infinity, till one sini ol)tamod the* mastery, and over 
bound tbe j>]anet to itself. 

Such are some of the sj>ocnlations tliat arise from 
double stars — siieeiilations wliicJi cannot fail to be 
indulged in by all Avbo think on this subject, so 
full of fascination and interest. Each observer may 
draw for himself other womhnful pictures from 
the double stars, and get lost amid their gi*andeur. 
We have considered cases comparatividy simide. 
Where should we be when we came to multiple 
stars'? What new combinations of 0010111*8 would 
arise 1 

One double stai* will thus furnish us with thoughts 
which ought to make e?mui im]>ossible ; and with 
very moderate meiuis, we may also be able, not 
only to read of the motions and colom*s of double 
stars, but actually ourselves see to them in all their 
wonder and beauty. 


FLESH-FEEDING PLANTS. 

By F. Buchanan Wjutf, M.T)., F.L.S., Editor or “ Thl Scottish NATtrRALisT.’’ 


W E have already seen (pp. 90 to 103), that the 
majority of plants of the higher classes obtain 
most of the materials on wliich they feed from the 
soil, by means of their roots, or, in tlie case of 
water-plants (as the Duckweed), which are not 
anchored to the soil, from the water in which they 
live. We have also seen that roots cannot absorb 
solid particles, but that their food is taken in the 
form of either a liquid or a gas, and, moreover, 
that, as a rule, roots are not able to reduce, by 
chemical influence, solid bodies to a liquid or 
gaseous state, and so utilise them for food. There 
is, however, a certain limited number of plants 


which obtain their nuliiment in fpiite a different 
iniiTiner ; and as the chief food of these plants con- 
sists of insects and other small animals, they have 
been termed insi'ct-devouiing, or flesh-feeding, or, 
in other words, carnivorous plants. 

If we go to the neai*est peat-bog and search in 
damp j)laces, we shall be almost certain to find speci- 
mens of the pretty little plant known to botanists 
as the Eound-leaved Sundew [Drosera roitvndifoUd), 
Its leaves, which are reddish in colour, and trom an 
inch to two inches long, grow close to the ground in 
the form of a rosette, from the centre of which rise, 
in J uly and August, the flower-stalks, bearing aaoh 
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•everai small white flowers. If we take off a leaf 
and examine it, we shall And that the blade is 
roundish, and furnished with a long stalk — ^in fact, 
resembling somewhat a flat spoon. The upper 
surface of the blade is covered with rather stout* 
erect, hair-like objects, each with a roundish head, 
which is covered "with a sticky fluid. Moreover, 
we shall observe that these hair-like bodies are 
longest at the edge of the leaf, and that they 
gradually diminish in length from the edge to the 
centre, where they are much shorter, and rather 
fewer in number. I have called these objects 
hair-like,” for such is their api^arance, but they 
are not really hairs. Vegetable hairs, as it has 
been already mentioned (p. 98), are simply little 
bladders or cells elongated, instead of being globular 
as in other parts of the plant. But the haii’-like 
things on the Sundew are much moi*e complex in 



Fig. 1. — lusect seized l>y a Tentacle of the Bound-leaved 
Suudev7. (A/wr Edouard Morron. ) 

structure, as we shall see if we examine them with 
a microscope, and are built up of the vanous struc- 
cui'es that enter into the oomiKJsition of the leaf, of 
which they are, in reality, prolongations. In fact, 
they differ as much from true vegetable hairs as one’s 
Angers do from the hair of the head. It will there- 
fore be convenient to use some other name, and we 
cannot do better than adopt the term tentacles,” 
which Mr. Darwin has applied to them (Fig. 3). 

We have already seen that the roundish lieads 
of the tentacles are covered with a sticky fluid 
which is very tenacious and viscid, as we can learn 
by toui^hing it with the end of a pin, and seeing 
what a long thread can be dmwn up, just as might 
be done with strong mucilage or ti*eacle. It is 
therefore evident that if any small object, such as 
an insect or a seed, were to fall upon the sticky 
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stuff, it would be retained, just as a small bird is 
held by a twig covered with bird-lime, or a fly by 
the treacle on to which if has foolishly ventured 
Now, if we look closely at the leaves of the plants 
of Sundew that we have found, we shall discover 
that almost every leaf has got some small object en- 
tangled amongst its tentacles — flies, seeds, small 
leaves, and suchlike things — and, possibly, while 
we are in the act of looking, we may see a fly alight 
on a leaf and get its feet entangled, or, j)erhaps, a 
seed or a leaf blown thither by the wind. But as 
it will not be convenient to stay all day in the 
jKiat-bog, sup|X)ae we dig up some plants and 
I'emove them to our own home, where, planted in 
wet moss, they can be studied at our leisui’e ? As 
wo dig them up, we may notice how small the roots 
are, and, though containing much moisture, what 
little nutximent, except for such low plants as 
mosses (wliich derive most of their food fi-om the 
air), the spongy i)eat afibrds. 

After our plants have become reconciled to their 
change of residence, we shall try some experiments 
with them. In the Ai'st place, we can take a 
common house-fly (to avoid needless cnielty, wo 
may as well kill it), place it on the sticky top of 
one of the outer tentacles, and watch the i*e8ult^ 
which, in most cases, will be as follows — 

(Ist) The tentacle will very soon (often in less than 
a minute) begin to bend or incline itself towards 
the centre of the leaf, and will continue to bend 
until the centi-e is reached. 

(2nd) Soon after the tentacle that has the fly 
has l)egun to bend, the neighbouring tentacles will 
commence to bend towards it, as if they, too, wished 
for a share of the ] 

(3i*d) The sticky fluid (which is known as the 
secretion of the tentacles, l)ecause it is secreted or 
formed by their round heads or glands) begins to 
increase in quantity and enveloixe the fly, which, if 
it were still alive, would be B])eedily killed by the 
secretion Ailing up its bimthing-holes or s])iracles. 

(4th) The fly, by the bending of the tentacles, is 
carried in a sort of rolling motion towards the centre 
of the leaf, and deposited among the shorter tentacles, 
the outer and longer tentacles being all incurved 
upon it and holding it there, 

(5th) The edges of the leaf become more or less 
incurved, so that the blade of the leaf forms a kind 
of basin, at the bottom of which is the fly, held by 
the tentacles and copiously bathed in the sticky 
fluid or secretion. 

(6th) After remaining in this position for many 
hours, or it may be for several days, the tentacles 
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begin to unbend, and giudually return to their 
former ei’ect ]r>osition, the leaf becomes flat again, 
the seci*etion is less copious, or even diios up, and 
if wo examine what is left of the fly we shall And 
that only the hard parts, such as the outer skin, 
wings, <fec., remain, and that all the soft contents of 
the body have disappeared (Hg. 1). 

We may now repeat this experiment, but, in- 
stead of taking a fly, wo can try little bits of meat, 



Fiff. 2. — Glaud'beariug Hairs ou the Leaf of a Butt^rwort. {After 
Edouard Morren.) 


cheese, bone, white of egg, small seeds, or, in fact, 
anything that can be calle<l “ eatable,” and we shall 
find that all of these affect the plant in the same 
way that the fly did, but in a more or less different 
degi'ee, according to the substance used ; the meat 
and other animal food having the strongest and 
most rapid efibet. 

In the next exi}eriment w(^ can use things not 
good for food, such as little bits of hair, thread, 
stone, ciudei*s, glass, and similar things. Under 
the influence of these, the tentacles bend, but not 
with such rapidity ; the secretion will not be so 
greatly increased ; and instead of the object being 
retained for many hours, or even days, the ten- 
tacles will begin to unbend after a short time, and 
release it. In the case of the latter (the “uneat- 
able”) class of objects, we shall find that the matter 
exj>erimented with has been quite unaflected and 
unaltered by its contact with the tentacles, while 
in the case of the other class all that is “ eatable ” 
or soluble will be found to have disappeared or 
melted away, only the hai*d, innutritions parts, if 
thei*e ai-e any, being left 

A third experiment may be made by taking a 
needle and touching the round head or gland of a 
tentacle with the point. If we touch it once or 
twice only, no effect is produced, but if we go on 
touching it seveml times rapidly in succession, or 
keep a continued pressure on it, the tentacle will 
begin to bend, the bending taking place on this, as 
well as on most other occasions, at the lower part of 
the stalk of the tentacle. From this we may learn 
that one or two accidental touches, such as might 


be given by the leaf of a neighbouring plant being 
brushed against the tentacles by the wind, will not 
excite action which would be useless ; we can also 
prove by exjHsriment that falling water — such as 
rain — has no power to make the tentacles move. 

For the next experiment we must piwide our« 
selves with some litmus paper, which can be pro- 
cured at any chemist’s shop. Litmus jmper is used 
for ascertauiing whether a liquid is acid or not. If 
it is acid, the paper turns red when dipped in the 
liquid, which we may see for ourselves by wetting 
a piece with vinegar, or any other known acid fluid. 
Now, take a bit of unused paper, and touch the 
secretion of a leaf that has 9iot been excited to 
action by putting an object on its tentacles, and it 
will be found that no change of colour takes place. 
Give the same leaf a small bit of meat, wait till the 
secretion begins to flow in increased quantity, apply 
the litmus pai)er to it, and it will be seen at once, 
by the change of colour, that the fluid, which was 
not acid Ijefore, has now become acid. 

But, l)efore going further, we had better consider 
what we have learnt from our experiments, which 
may be summed up as follows ; — 

(1) The tentacles of the leaves of the Sundew are 
capable of catching and retaining flies or other 
small objects which have come in contact with the 
sticky secretion of their glands. 

(2) Tlie tentacles and tlie edge of the leaf have a 
certain j)ower of motion, which tends to convey an 
object, caught by an outer tentacle, towai’ds the 
centre of the leaf. 

(3) This motion is excited by the head or gland 
of the tentticle being I'epeatedly or continuously 
touched. 

(4) The tentacles remain bent over an object so 
secured for a greater or less |)eriod of time. 

(5) “ Eatable ” (or organic) matters, and espe- 
cially soluble animal matter, have, as a rule, much 
greater influence than “uneatable” (or inorganic) 
matters, whose effect is much less. The tentacles 
also retain in their embrace the former objects 
much longer than the latter. 

(6) In addition to the movement of the tentacles, 
an increased quantity of the secretion is poured 
out from the glands, especially when the object 
exciting the movement is of an “ eatable ” nature. 

(7) The result to an object of the “eatable*’ class 
of being clasped by the tentacles and bathed in the 
secretion, is that all the nutritious part of it is 
dissolved and disappeaiu An “ uneatable ” object 
is unaffected. 

(8) The secretion of a leaf not excited to aotkm 
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is not acid, but it becomes acid alter action has 
been excited. 

We have thus still to learn what has caused the 
dissolving of the bits of meat' or other animal 
matter that has disappeared in the embrace of the 
tentacles — what has become of it, and what good 
it does to the plant. As it is within the power of 
every one to prove for himself by experiment the 
influence for good upon the plant of a supply of 
nutritious, and especially animal, matter, we may 
consider this first. 

If we take a number of Sundew-plants, and 
divide them into three lots, giving each lot similar 
advantages for growing, but covering one with fine 
gauze, so that no flies can be caught by the leaves, 
leaving the second uncovered, but giving it no 
sjKJcial food, and regularly feeding the third lot 
with pieces of meat or other suitable food, the 
moi’e advanced and luxuriant growth of the fed lot 
over the other two, as well as the superiority of 
the uncovered plants to those covered and prevented 
from catching flies, will clearly demonstrate that a 
supply of animal food is not only advantageous, 
but almost necessaiy. 

Moreover, it proves that the animal matter 
which has disappeared in the embrace of the ten- 
tacles hits gone to feed the plant, having been 
sucked up or absorbed by the leaf. 

But how has it been dissolved 1 We saw in a 
former article that jdants, as a mile, can t»ike in 
food only in the form of a liquid or a gas, and 
that they have very little j^ower to dissolve solids, 
and so utilise tliem for food in the way that 
animals do. The power, thei*efore, of dissolving 
solids, such as bits of meat, is by no means usual 
in plants, and we must try to find out lu)w the 
Sundew manages to do it. 

We have seen that the objects which the Sun- 
dew can act uixui are precisely the things which 
an animal could use for food; and that those 
matters — such as hair, stones, the haixl skin of 
insects, Ac. — which the animal cannot use, are just 
those which the Sundew also rejects. When an 
animal has put food into its stomach, the food 
is acted on chemically, or what is called digested, 
by the gastric juice, which consists of a ferment — i 
called pepsin — and an acid, neither of which alone 
by itself has the power of digestion. But we have 
proved, by our experiment with litmus paper, that 
the secretion of the tentacles of the Sundew con- 
tains an acid when it is acting; and if we 
compare the action of animal gastric juice on bits 
cl meat with the action of the secretion of the 


Sundew, it seems clear that some feiment — similar 
to, if not identical with, the xnimal ferment pepsin 
— must be present in tils Sundew secretion. It 
has, moreover, been found that the secretion of the 
Sundew gives out under certain circumstances a 
strong smell of pepsin. But the reader who desires 
to learn more about this will do well to consult Mr. 
Darwin's “ Insectivorous Plants,” or some of the 
other works that have been written on the subject 

We noticed as we dug up the Sundew-plants 
how small the roots are, and how poor the moist 
soil in which they grow. The use of the roots 
seems to be merely, in addition to anchoring the 
plant in tlie soil, to suck up water (of which the 
leaves with their copious secretion I’equire a great 
deal), and not, as in most plants, to provide food. 

Besides the Round-leaved Sundew, two other 
kinds grow in Great Britain, and about a hundred 
elsewhere, and all seem, without exception, to have 
the same insect-catching habits as the one we have 
been studying, and to be, like it, dej^eiident upon 
animal food. There are also some other plants of 
the same family which are of a like nature, though 
the mechanism by which they secure their insect 
food is rather different ; but as there is another 
common British plant which is carnivorous, we will 
consider it, before proceeding to describe another 
very interesting member of the Sundew family. 

The common Britisli plant alluded to is the 
Butterwort or Cuckoo Shoe {Pingvicula mlgarut)^ 
which, like the Sundew, grows in damp, })eaty places 
in many parts of the country, though it is rather 
rare in the soutli. The Butterwori has a rosette 
of eight or nine broad, jwile-green leaves, lying flat 
an<l pressed to the gi'ound. Tlie pur])lish flowers 
apj)ear in summer, and are borne singly upon 
longisli stalks. If we take off a leaf and examine 
it more closely, we shall see that it is oblong in 
8ba}>e, with a very short stalk, tlie tip blunt, and 
shaped like the prow of a boat, and the margin of 
the leaf curled in for a short distance. The texture 
of the leaf is rather thick, succulent, and greasy to 
the touch ; and its upj3er surface is closely studded 
with small, shortly-stalked glands, and others with 
rather longer, but still short, stalks (Fig. 2). From 
these glands a colourless fluid (so sticky or viscid 
that it can be drawn out into long threads) is 
secreted or poured out 

As we are looking at the plants, we cannot well 
avoid noticing that almost every leaf has a greater 
or less number of small insects, seeds, bits of leaves^ 
Ac., adhering to its sticky surface, and, remember* 
ing what we found on the leaves of the Sundew, we 
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may perhaps begin to suspeot that these have not 
been caught in this manner without a purpose. 

But as it is a very great 
mistake to jump hastily 
to a conclusion and take 
anything for granted, we 
had better dig up some 
plants and take them 
liome. In doing so we 
may notice the smallness 
of the roots, bringing to 
our memory the small 
roots of the Sundew, and, 
like them, apparently more 
suited for holding the plant 
in position, and providing 
it with water from the 
d »mp soil, than for feeding 
))urj30se8. 

We can now re|)eat 
some of the experiments 
we made with the Sundew. 
Select a jjlant with healthy 
and clean leaves, and place a row of flies or small 
bits of meat parallel to the curled up or incurved 
margin, and between it and the middle of the leaf. 
After a variable length of time, but usually some 
hours, the margin of the leaf will gradually curl 
over still more, and if the objects are not too big 
or too far off, it will in coui'se of time cover them. 
If they are too big to be covered, they wdll be 
pushed before the advancing margin. The liquid 
secretion of the glands will also be }K)ured out 
more abundantly —so copiously, indeed, sometimes, 
that if it were not for the raised rim formed by 
the curled-in edges of the leaf, it would run off and 
be lost, and jjerhaps carry the flies or other objects 
away with it. 

This experiment can be rei)eated with matters 
both “ eatable ” and “ luieatable,^’ as we did in tlie 
case of the Sundew. It will then be found that 
almost all of them will induce the edge of the leaf 
that is nearest to them to curl in, but that bits of 
glass and suchlike “uneatable” objects will not 
excite an increased flow of the secretion, though 
some fluids will After the margin of the leaf has 
remained curved over for some time, it returns to 
its fomer position ; and it does this sooner when 
the objects which induced it to curl are not “ eat- 
able.” We may also notice that the stalked glands 
have no power of motion such as the glands of the 
Sundew have, but that it is only the edge of the 
leaf which can move. 


In the next experiment we can test the acidity 
of the secretion with litmus paper, trying first the 
secretion before it has been made to flow under 
the influence of a bit of meat, and then after the 
flow has been excited. The result will be similar 
to what we found in the Sundew. The secretion 
ill its usual and unexcited state is not acid, but 
when it has begun to flow, under the influence of 
the meat, it becomes acid, and changes tlie colour 
of the paper to red. Some things, as sugar and 
starch (which do not, like meat, <kc., contain soluble 
nitrogenous matter), induce an increased flow of 
the secretion, but do not change its quality, as we 
may see by dipping the litmus pajier in it, and 
finding that no change of colour takes place. 

We may now examine the flies and bits of meat 
that have been submitted to the action of the leaf, 
and we shall find that all except the hard parts 
have been dissolved and absorbed by the jilant. 
Where the dissolved matter is gone, we may see by 
examining under a microscope the glands of the 
leaf that has been fed, and comparing them witli 
the glands of an unfed leaf, or j)Oi’tion of a leaf. 
In the latter the glands are pale green, in the 
former they are brown, from the organic matter 
that they have absorbed. 

For another experiment we can compare the 
action of animal gastric juice, and the action of 
the secretion of the Butterwori. Take a few drops 
of milk, and add some rennet (which is the pre- 
served gastric juice of a calf) to it; drop also a 
little upon the leaf of the Butterwort. In both 
cases tlie milk will be curdled. This property of 
the Butterwort (of being able to curdle milk) has 
been long known, and is said to be still put to 
jjractical use in La]>land. 

From these exj)erimont8 the conclusion must l)e 
drawn that the Butterwort, like the Sundew, is 
a true carnivorous plant, which not only catches 
its insect food, but digests it much in the same 
way as an animal does. It does not, however, 
entirely confine itself to animal food, but digests 
and derives some nutriment from some of the small 
leaves and seeds which are caught by the sticky 
secretion. The Sundew also does the same. 

The next example of a carnivorous plant that we 
will take is the one known as Venus* Fly-Trap 
( Dioncea mtiscipula), Fig. 6, p. 1 7 9, which is a member 
of the Sundew family. It is a native of North 
Caiolina, and, like the Sundew and Butterwort, 
grows in damp places and has small roots. In 
cultivation it will grow very well in damp moss. 
The leaf has two lobes, placed at-a little less than 
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a right angle to each other. The mai^ of the 
leaf is prolonged into a row of long, sh^ spikes, 
and about the centre of each lobe are three small 
teeth-like hairs or (as Mr. Darwin calls them) fila- 
ments. The colourof the leaf is green, but its upper 
surface, except near the edge, is covered with 
minute stalked glands (which may be seen with a 
magnifying-glass), of a reddish colour. The stalk 
of the leaf, which is flat and wide, is not furnished 
with these glands. 

If we take a tine needle or a bristle and lightly 
touch one of the filaments, the two lobes of the leaf 
will come rapidly together, and remain so closely 
applied to each other tliat it is difficult to sopamte 
them without tearing their substance ; and even if 
we do succeed in forcing them apart, they will close 
again when released. They will, however, reopen of 
themselves in the course of a day or so. 

If any part of the leaf, except the filaments, is 
touched, no movement takes place, nor does blow- 
ing on the filaments, or dropping water on them, 
have any effect; from which we may learn that 
neither wind nor falling rain has any power of in- 
ducing the leaf to close. 

If a piece of meat or a crushed fly is laid on the 
leaf (care being taken to avoid touching the fila- 
ments), no immediate result will follow. Presently, 
however, the glands touched by the object, which were 
quite dry before, begin to pour out a colourless acid 
(as may be seen by testing it with litmus J^ajjer) 
fluid, and the lobes of the leaf gradually close. At 
first only the glands on which the meat or fly is 
lying secrete the fluid, but as the secretion flows over 
the other glands — which the closing of the lobes will 
cause it to do by capillary attraction — many of these 
become affected, and begin to secrete, as may be 
seen by forcing the lobes sufficiently apart to see 
what is going on. 

This experiment may be repeated with a variety 
of substances, and we shall find that it is only those 
which are eatable ” (or that contain soluble nitro- 
genous matter, such as meat), and which are more- 
over slightly damp, that cause the secretion to flow 
and the lobes to close. Substances not containing 
soluble nitrogenous matter (for example, bits of 
glass, wood, stone, <kc.), or which, if they do, are 
dry, have no effect. 

After a leaf has closed on a bit of damp meat or on 
an insect, it does not open again for many— perhaps 
twenty or thirty— days, and after it has expanded 
it will be found to have lost much of its sensibility, 
and may possibly never recover it for the rest of its 
life, especially if its meal has been a large one, 


If we can persuade a living insect to walk on to a 
leaf and touch one of the sensitive filaments, vre 
shall see the use of the rapid closing of the blades; 
unless the animal is very agile, it is caught and 
crushed between them, and its juices being squeezed 
out induce the secretion to flow. If, however, the 
insect is only a small one, it may escape pressure, 
and as it is consequently not damp, the leaf soon ex* 
pands again, as no fluid has been secreted. The use 
of the comb-like edge of the leaf seems also to be 
for the purpose of permitting small insects to escape 
by passing between the spines, while a larger one 
would be retained. As a leaf can usually make 
but one hearty meal in the course of its existence, 
it is desirable that this meal should be a large one, 
therefore tliere is an advantage to the plant in 
letting small insects esea|)e. 

When a leaf has opened after its meal, the insect 
or bits of meat which it closed upon, can be looked 
for, when it will be found that only the hard indi- 
gestible parts ai-e left. All the rest has been dis- 
solved and absorbed, unles.s the object was too big 
for the leaf to consume, when part of it may have 
been left undissolved. 

It may hoi*e be mentioned that at the moment of 
the lobes of the loaves closing a sHglft electric shock 
runs through the plant. But this and many other 
stmnge features of plant life do not i)roi)erly come 
under the subject of this paper. 

Two out of the three carnivorous plants which 
we have now been studying, capture their living 
animal food by means of the stickiness or viscidity of 
certain of their parts ; while the third depends upon 
the rapidity of its movements. All tlnee have the 
]wwer of moving some of their parts to a gi’eater or 
less extent, but only one catches its prey by this 
means, the other two merely using their motive 
l)Owor to dispose of it after it has been caught or 
partially caught. All three have probably some 
peculiarity of scent or appearance which serves as 
an attraction to insects, but what the lure may be 
is not yet very well ascertained. There are, how- 
ever, other carnivorous plants which use several 
means of attracting insects, and, before quitting the 
subject, it will be well to describe a few of their 
peculiarities. 

Nepmtim (Fig. 4) is a genus of the so-called 
Pitcher-plants, and includes about three dozen tro- 
pical, shrubby, climbing plants, whose carnivorous 
propensities — ^long suspected — were established a 
few years ago by Sir J. D. Hooker. The ‘‘pitchers” 
of these plants are trumpet-shaped or pitcher-liko 
vessels of various sizes aud forms, attached by a 
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Btalk (which is spmetimes very long) to the tip of 
the leaf. The pitchers vary in length from an inch 
to upwards of a foot, and are furnished with “lids ” 
which appear to remain always more or less open. 
The mouth of the pitcher is strengthened by a 
thickened ring, which in some cases is prolonged 
as a funnel-shaped tube downwards into the pitcher, 
and in others is developed into a row of incurved 
hooks. The mouth, as well as the under side of the 
lid, are often brightly coloured, and in most species 
secrete a kind of honey, which, with the lively 
colours, are intended as lures for insects. Let us, 
if we can, imagine ourselves for a moment to be an 
insect attracted by the honey at the mouth of the 
pitcher. Sipping the honey, we gradually go farther 
and farther into the mouth of the pitcher, and, 
allured perhaps by some real or supjK)sed attraction 
inside, descend past the funnel-shaped tube or the 
row of incurved hooks, when, to our horror, we find 
that these prevent our return, and we must descend 
farther. But our next step is upon a smooth, glassy 
surface, which oficrs no foothold, and, slipping over 
that, we find ourselves plunged into an jicid and 
digestive fluid which fills the 'lottom of the pitcher, 
and is secreted by the glands which line the lower 
l)art of the inside. Resuming again our character 
of investigatoi’s, we see that the pitchers of 
NepenfJm do not dei^eiid upon any motive power 
nor upon any stickiness to catch their victims, but 
that they tii*st allure their prey by a brightly- 
coloured and honeyed bait, then facilitate its 
descent into the pitcher by a tube or row of 
incuiwed hooks which permit of easy entrance 
but prevent egress ; that the descent of the insect is 
next secured by a glassy surface, over which it 
slips ; and that it is finally killed and digested by 
an acid fluid which is secreted in the lower part of 
the pitcher. That this fluid can really digest meat 
and other soluble nitrogenous matters, the experi- 
ments made by Sir J. D. Hooker, and recorded in 
his addi*e88 to the Biitisli Association at the Belfast 
meeting in 1874, have fully pix)ved. 

There is another kind of Pitcher-plant in which 
the structure of the pitchers is rather different. 
These are found in plants of the Ameiican genera 
Sarracmia (the Side-Saddle Flower) and Darling- 
tonia (the Californian Pitchei^plant), Fig. 4, p. 245, 
and the pitchers, instead of l^ing merely append- 
ages of the leaves, are constructed out of tlie leaves 
themselves. These spring from the ground in 
tufts, and are trumpet-shaped, and provided with 
lids, which in some species stand ei'ect, and permit 
the entrance of rain, while in others the lids, being 
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nearly closed, prevent the rain from entering. The 
inside of the pitcher is very beautifully adapted for 
the capture of insects, ^he mouth and iinderside 
of the lid are provided with honey-secreting glands 
(absent in some species, and not always at work in 
others), which act as a lure for the prey, and which 
in some cases extend down the outside of tho 
pitcher to the ground, as if to more eflfectually 
show the unfortunate victims their way to destruc- 
tion. Then comes what Sir J oseph Hooker terms 
a conducting surface, composed of short, conical, 
8lipj)eiy spines, pointing downwards, which make a 
downward passage easy, but prevent return; next is 
a glassy surface which affords no foothold ; and 
finally a surface studded with needle-like converging 
liairs pointing downwards and eflfectually retaining 
the captured animal. The pitchers often, if not 
always, contain a fluid, which in some cases is 
composed— in part at least — of i*ain-water, and in 
which the insects decompose. Whether any di- 
gestive or solvent liquid is secreted appears to be 
uncei*tain. There can be no doubt, however, that 
insects are caught in large numbers, and that their 
bodies provide some kind of food for the plant, In 
the upper left-hand side of the page engi*avmg 
(Fig. 4) are shown three pitchers of NepenJtlm. 
The long stalk springing from the tip of the leaf by 
which the pitcher is suspended, and the strong ring 
which strengthens the mouth, are well seen in the 
central figure. To the right of this is a group of 
the pitcher-shaped leaves of the Side-Saddle Flower 
(Sarracmia), which derives its name of side saddle 
from a fancied resemblance in the shai)e of the 
flower. Below these are the very curious pitchers 
of the Californian Pitcher-plant (Darlhigtonia), 
whose mouths are almost, though not quite, closed 
by the hood-like lid. The two leaf-like lobes pro- 
jecting from below the hood serve as lures for 
insects, being orange-coloured, and covered on their 
lower surface with honey. In the right-hand lower 
comer of the plate are two kinds of Sundew (Dro- 
sera), the one in front being the Round-leaved 
Sundew, some ‘of whose leaves have the tentacles 
expanded, while others have them curved in over 
their prey. In the opposite comer is a plant of 
the Venus’ Fly-Trap (DioTUBa)^ with some of its 
leaves closed over captured flies. The plant partly 
submerged in the water is one of the Bladder-worts 
(Utric^ilcma, p. 103), the bladders on whose leaves 
are thought to form traps for various small aquatic 
animals, whose bodies, doubtless, serve to nourish 
the plant. 

Tliese are only a few of the various plants now 
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known as flesh-eaters, but they are the best known, 
and those in which this propeHy, once thought 
peculiar to animals, is best seen. Tliis faculty was 


at one time doubted, but we think that the &cts 
mentioned fully establish the theoiy that Borne 
plants at least are really carnivorous. 


A PIECE OF GRANITE. 

By J. H. Collins, F.G.S., 

Hon Sec. of the MineralogtcaX Socufty of Great Britain and Ireland. 


O F all the different kinds of stone used in the 
consti-uction of public buildings, esiiecially 
docks and bridges, none is more beautiful, more 
durable, or better known tJian granite. My acquain- 
tance with granite began at a very early age. My 
father was a statuary and mason,” and among my 
earliest recollections are those of men sawing and 
chipping and polishing jueces of different kinds of 
stone in his workshop ; and here, one day, when 
about five yeai*s ohl, I saw my first specimen of a 
stone that glittered wondei-fully in tlie sun, and 
which I was told was granite. 

Soon after, my father i-emoved from London to 
Staffordshire, and I saw no more granite for seveml 
yeai*s, for we lived at Bilston, surrounded by coal- 
pits, and iron-woi'ks, and sandstone quarries. 

Some years afterwards, when still a boy, 1 picked 
up on the newly-macadamised road near our house, 
a few pieces of stone whicli seemed more biilliant 
than usual, and carried them in to my Jidus Achate'^ 
— all old workman who never refused to talk to 
mo in my father’s time — and he told me it was 
granite. 

He did more than this — he gave me the first (and 
only) viva voce mineralogical lesson I have ever had. 
Nothing could be more accurate than his teaching 
proved to l>o, and I still think, after teaching the 
science for ten years, that no more appropriate 
method of commencing the study of niinei*alogy 
could be devised. Let me transfer his lesson to 
these pages. He first asked me if I had a knife, 
and, fortunately, it hapjioned not to be lost. Ojien- 
ing it, he called my attention first of all to a fresh 
fracture of the stone : — 

“You see these dark, shining plates that I split 
up into thin leaves with the point of the knife 1 ” 
«Yes.” 

“ Well, that’s mica ” (he called it niikey, but this 
turned out to be unimportant). ‘‘ Now, see here. 
These smooth-faced pieces of pink stuff here are 
so hard that I can only just scratch them with the 
sharp point of the knife. Well, that’s felspar. You 
may knew it, because whenever it bi*eaks it shows 


these flat, shining faces, and you can just manage to 
scratch it with a knife.” 

I said I thought I should know felspar again. 

“Now, look here. Tliese here glassy- looking 
gi*ains between the jueces of felsj)ar are called 
quartz. If you look close, you’ll see they’ve got no 
fiat faces where they break — they always bi*eak 
rough. And you can’t scratch these with the knife 
— they’i*e as hard as di’monds.” 1 found out after- 
wards that this last statement about the diamonds 
was not strictly conect, but, however, I couldn’t 
semteh the quaitz grains with the knife, and I told 
him I thought I knew it as well as the other’s. 

He then went and looked about the yard for 
various kinds of i)ink gi’auite and giey, coarse- 
grained and fine, and made me point out to him the 
three constituents — (juartz, felsi)ai’, and mica — 
which I found 1 could do i)erfectly well after a few 
trials. 

“Now,*’ he said, “all granite’s miulo up of them 
three,” and as it was now hulf-j)ast five, he put on 
his jacket and left work. 

If those of my readers who do not hapjxjn to 
know the constituents of gi-anite will carefully 
examine the next ])iece they got hold of with the 
aid of a good penknife and the old man’s lesson, 
they too will have learnt a pleasant and useful 
lesson in mineralogy. Since that time I have 
examined gi-anite buildings in most of the princi- 
}>al towns of Britain, from Liverpool to Sheeniess, 
and from Glasgow to Penzance. I have studied 
granite in docks and in bndges, in the museum, 
the mason’s yard, and in hundreds of <|uanies, and 
from all parts of the world, and essentially I have 
found the old mason’s worfls perfectly correct. 

There are, however, many different kinds of 
granite — differing moi’e or less in api)earance, an 
composition, and in origin — and I think some of 
the facts in relation to them may be of interest to 
the readers of these pages. The most obvious 
difference is that of colour. In the constructioxi 
of the Thames Embankment, for instance, pink 
granite from Mull was laigely used for the lower 
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ooitrses, while the tipper portion is composed of 
grey granite from Cornwall and fi:om Aberdeen. 
The beautiful pink columns of polished granite 
which ornament many of the club-houses of Pall Mall 
are mostly from other quarries in Aberdeenshire. 
Suppose we examine a bit of this pink granite. The 
pink itself is soon seen to be the felspar, which has 
a rich colour throughout. Some of the separate 
masses are occasionally as much as one inch across. 
Now examine these glassy grains of quartz. They 
ai*e everywhere of a pale smoky tint, and the 
flaky mica is almost black. 

Now turn to the grey Cornish granite. Here 
the felspar is of a pale grey, almost white tint, 
while the quartz is still somewhat smoke-coloured, 
and the mica is black. Some of the Cornish granite 
is very fine-ginined, the particles of the respective 
ingredients being so small as to be scai’cely dis- 
tinguished without a magnifier; but generally it 
is somewhat coarser in grain than the grey Aber- 
deen granite. Among the fine grains, too, are 
often seen long, square-ended masses which also 
apixjar to be felspar — as indeed they are (Fig. 1). 
These aw called by the quarry men ** horses* teeth,” 
and the granite in which such large crystals occur 
is known to geologists as ‘‘ porphyiitic granite.” 
Some of the finest known is obtained at Lamorna 
Cove, near Penzance, where I have occasionally 
seen horses' teeth ” twelve inches long and four 
inches wide. 

On close examination of the Cornish granite, we 
often find two distinct kinds of mica — one dark- 
coloured, the other almost white — and sometimes 
also two distinct kinds of felspar ; and similar dif- 
ferences are observable in the granites of Midi, 
Antrim, and elsewhere. Still more careful in- 
vestigation often reveals the presence of crystals 
or grains which do not appear to be either quartz, 
felspar, or mica. Here, for instance, is a very 
dark green grain, almost black, in a piece of Aber- 
deen granite, which is softer than the felspar, but 
still much harder than the mica, and which often 
exhibits someVhat of a fibrous character. This is 
hornblende — a mineial of immense importance in 
geology, but which is often extremely rare, and 
still more often entirely absent from ordinary 
granite. It is, however, extremely common in the 
so-called syenitic granite of Guernsey and Leicester- 
shire, and of the peninsula of Syene, in Egypt. 
The fine obelisk known as Cleopatra’s Needle is a 
good specimen of this syenitic or homblendio 
granite. 

See these black shining crystals in this piece 


of Cornish granite* You may easily break them 
with the point of the knife, for they are extremely 
brittle, but scratch thclin you cannot : they axe 



Fig. 1.— Section of Comisli Granite, allowing Felopor, etc. 


even harder than the quai^tz itself. They are 
black tourmaline — the schorl of the Cornish and of 
the German miner. In Cornwall, schorl often 
occurs in the granite of the mining districts in 
such quantities as at last entirely to displace the 
felspar and mica, when the rock, now composed 
only of quartz and schorl, is known as “schorl 
rock” or “schorlyte.” 

The most interesting sj)ecimens of granite to the 
mineralogist do not generally reach the builder at 
all, as they are what he calls “unsound.” The 
quarryman in breaking down the blocks sometimes 
comes across a cavity in the solid rock, which is 
lined with brilliant crystals. In the Antrim 
quarries, for instance, such cavities are often lined 
with the most beautifully distinct and perfect 
crystals of each of the constituent minerals. In 
the solid granite all appear jumbled together : each 
compresses the others out of their proper shape; 
but in the space afforded by the cavity each appears 
in its own proper form, and exhibits its own indivi* 



Fig. 2.— Crystal Fig. 3.— Crystal Fig. 4.— Crystal 

of Quarts. of Felspar. of Uica. 


duality. I have such a cavity before me now, and I 
have sketched some of the crystals as they appear. 
Fig. 2 shows two crystals of the quartz, Fig. 3 
a crystal of felspar, and Fig. 4 a crystal of mica. 
But the chief mineralogical interest of such 
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cavities lies in the fact that they often contain 
crystals of the rarer constituents of the granite, 
vhich would not be discovered in the general 
mass — such, for instance, as the beryl, the emerald, 
and the topaz, all of which have been found in the 
Antrim granite. In Brazil a great deal of the 
granite contains numerous small garnets. In Corn- 
wall and in Bohemia, crystals of iron pyrites, of 
oxide of tin, and many other minerals, are fre- 
quently met with. 

In all mining districts where granite occui's, a 
distinction is made between “ quarry granite ” and 

mine granite.” The first is the beautiful solid 
material already described, which may be worked 
to a fine surface, and of which laige blocks are 
obtainable. The second is in a great many in- 
stances stained with shades of red, brown, or yel- 
low, contains many extraneous minerals, is cracked 
in all directions, and the felspar at least is always 
moi*e or less softened and decomposed. The altera- 
tion seems to be due in most if not all cases to the 
circulation of mineral solutions in fissures pro- 
duced by movements of the ground from sub- 
terranean action, and not, as formerly supj)osed, 
to the action of the atmosphere or of rain-water. 
The gi’adual change of the fels|)ar crystals may in 
many instances be traced from the fiss\ire inwards 
to the solid granite — the amount of change be- 
coming progressively less as the distance from the 
fissure is increased. 

In some parts of Cornwall and Devon this 
alteration of the granite has reached an extreme 
point. The whole of the felspar over large areas 
has been changed into a jHjrfcctly white clay 
(kaolin, or china clay), and consequently the 
granitic mass is so soft that it may be dug out 
with a pick or sliovel with the greatest ease. This 
decomposed granite — or Ca/rclazyte, as it has been 
called — is at the present time largely worked in 
Cornwall and Devon for several useful purposes. 
^The soft mass is broken down with heavy picks, the 
decomposed felspar or “ kaolin ” washed out from 
the almost unaltered quartz and mica by a stream 
of water, dried in the open air or in large covered 
drying-sheds, and shipped away in large quantities 
— about 200,000 tons yearly — ^for the uses of the 
potter, the paper-maker, the calico-sizer, and other 
manufacturers. 

Another kind of granite, which occurs in some 
parts of Cornwall, but by no means so abundantly 
as the chinarclay rock, is that known as China 
Stone, or Petuntzyte. This is composed of white 
quartz, and of felspar only partly decomposed, 


without mica-r-or only a very little white or pale 
gi’eenisli-yellow mica, of the kind called by minera- 
logists Gilberlite, While in the quarry, this China 
Stone is very soft and easily wrought, but after 
exposure to the air it becomes somewhat harder, 
and the decomposition does not seem to proceed 
farther if the stone has been well selected. 

A great deal of this “ St. Stephen’s Stone” — so 
called because it is chiefly raised in the parish of 
St. Stephen’s — has been used for church building in 
Cornwall for three or four centuries, and some of it 
still retains the tool-markings after this long ex- 
posure to a very moist atmosphere. The chief use 
of this stone at present, however, is in the Stafford- 
shire potteries, where it is ground up to a fine 
powder, and mixed with Cornish clay for making 
china ; hence its modem name, China Stone. 

Within the last quarter of a century a gi’eat 
deal of attention has been paid to the origin of 
gi’anite. Unlike limestone, it does not occur iu 
regular wide-spread beds ; rather it seems to have 
been forced up from great depths through the 
superincumbent strata in a more or less fluid, or 
rather pasty, condition. Occasionally, indeed, it 
seems to have been formed in Nature’s sub- 
terranean laboratory by the alteration of deep- 
seated stratified rocks, when it has a more or less 
regular bedded character. Usually, however, as 
in Cornwall, where its junction with the altered 
clay-slate (killas) can bo examined, it is seen to 
penetrate this in long, irregular points and veins. 
These veins of injection sometimes inclose small 
portions of the “ killas,” which a])pear to have 



'to. 5.— Granite penetrating and nietamor^oiing Cl 4 y*Slate into 
Tourmaline Schist. (▲) Granite; (b) Tourmaline Schist; (o) 
Claj-Slate. 


been caught up by the granite while in a fluid 
or semi-fluid condition. Fig. 5 shows the mode in 
which the granite penetrates and alters the clay- 
slate in many parts of Oomwall ; A is the main 
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mass of graiute, sending out veins into the adjacent 
slate ; b is the slate in the immediate neighbourhood 
of the jtmction, which has been altered into tour- 
maline schist, gradually passing into the unaltered 
slate (locally termed kiUm)y beyond the influence 
of the granite. Fig. 6 shows veins of granite 
traversmg a hill of gnms^ a rock composed of the 
same constituents as granite, and only differing 
from it in the arrangement of the particles of 


of the Pyrenees traverses tertiaiy dmestones. 
The consolidation of the granite has also taken 
place at veiy differently depths, Mr. Sorby, by a 
masterly method of combined mathematical and 
microscopic investigation, which he devised in 
1857, has shown, for instance, that, assuming a 
temperature of a dull-red heat as that which on 
many accounts seems the most probable, the 
granite of different parts of Great Biitain was 



Fig. 6 — Showivo Veins of Geanitb TBAYBBSiKa Qkbibs. 


quartz, felspar, and mica, wliicli here apiiear in 
thin, bomewliat irregular layeib, instead of being 
sprinkled indiscriminately throughout the mass, 

A careful examination oi such junctions as aie 
illustrated above, shows that the intrusion of 
giunite into the stratified rocks has taken place 
in different countries, at many different times. 
Thus the granite of Leinster was irrupted into 
Cambrian and Lower Siluiian rocks ; that of 
Devon into carboniferous shales ; while the granite 


consolidated at depths of from 32,000 to 78,000 
feet. Its api)earance at the surface, and even on 
high ranges of mountains, is, of course, due to a 
subsequent upheaval, and the denudation or 
wearing away of the superincumbent rock by 
such natural agencies as rain, frost, ice, and the 
waves and currents of the sea acting through 
immenso peiiods of time. Such ai*o some of the 
most obvious points of scientific interest connected 
with a piece of granite. 


THE COLOUES OF ANIMALS* 

By William Ackeoip, 

TeOaw of the Inaiituie of ChemutrUt etc 

B y the modem doctrine of selective absorption, that the light of the sun consists, roughly speak- 

all that variety of colour which beautifies ing, of seven colours — red, orange, yellow, green^ 

animate and inanimate nature is accounted for blue, indigo, and violet ; if, then, when light 

in a very simple manner. We have seen (p. 192) falls on an object, any of these constituents be 
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absorbed, the remainder of the light ^hich reaches 
the eye will give one the sensation of colour. To 
take a typical example: A brick house has its 
quality of ledness, because, of all the light wliich 
falls on it from the sun, only red, and perhaps a 
little orange, is reflected and received into the eye ; 
the remainder of the light — ie., yellow, green, blue, 
indigo, and violet being absorbed or kept back by 
^ the surface of the bricks j hence the quality of the 
light absorbed determines the hue any substance 
shall have. 

We have hei'e to deal with the animate portion 
of nature — with tlie striped zebra of African wilds 
(Fig. 1), the fallow deer of English parks, and the 
tiny ennine of Arctic regions — a field so extensive 
that we can only treat the subject in a veiy general 
sort of way. In order tliat this treatment may be 
as instructive and suggestive as possible, let us 
describe, first, certain physical facts which ai‘e best 
studied with sjx'cimens that are inorganic, dead, 
and of known chemical composition. Tlien, with 
the principles learned in this way, we shall bo in a 
position profitably to study the organic and animate 
jwrtion of nature. 

Certain compounds of oxygen with other ele- 
ments — oxides — are coloured, as, e.g.^ those of 
the metals zinc, lead, and mercmy. Their colour is 
stitingely affected by rise of temperature. Thus, to 
take ‘‘ mercuric oxide ” : orange-yellow at the ordi- 
nary tempeiutuit?, it changes colour when heated, 
and becomes orange, red, and brown successively \ 
and it is possible to form a progressive scale of this 
change, as the writer finds • that the alteration in 
appearance is the result of the progressively in- 
creased absorption of the rays which have theii* 
place at the violet end of the spectrum, so that the 
proportion of rays at the red end of the spectrum 
which are reflected rises higher and higher. At 
last they likewise are absorbed, and the end is 
complete absorption, or blackness. 


PiiooBESsn'E Scale op Coloub-Ciiakoe. 



Black. 

Heating > 

^ Brown. 

or 

Red. 

Expanding. ^ 

Orange. 
* Yellow. 

White. 


I Cooling 
or 

Contracting. 


In view of certain analogies which subsist be- 
tween these inorganic colour phenomena and those 
of the organic kingdom, we shall use this scale as 


* ** Metaohromatum or Colonr-Ohange,” Ohemicdl Jfew8, 
xxiv., pp. 76, 77. 


a means of reference in our study of the latter. It 
will be noted that we have the minimum of absorp* 
tion at one end and the maximum at the other. 

The subject of animal coloration is a compara- 
tively new one, literally in its infancy, for it has 
not passed that qualitative stage which marks the 
childhood of every science. The only instrument 
we need therefore use is the naked eye — ^an instru- 
ment most delicate in its perception of variations in 
tint, when it is normally constituted and has been 
properly educated. In seeking, however, for sub- 
jects, we must employ some discrimination, for one 
cordd deduce nothing from making any number of 
observations of piebald horses or domesticated 
riibhits. To detect uniformities, and so to form 
laws, we must i*estrict our observations to animals 
comparatively wild and in a natural state, or to 
those upon which domestication has had little or 
no effect. We may profitably fui’thor circumscril)e 
our field of observation by confining our attention 
at first to the Mammalia, or that large class of 
animals which Os a rule suckle their young, and 
have hairy coverings, besides other peculiarities too 
technical to mention here. Well, tlie first very 
general peculiarity one observes is that the ventral 
portions of the body are lighter coloured than tlie 
dorsal — i.e., the back has a colour which stands 
nearer the black end of our scale than that possessed 
by the abdomen. For example, to take the squirrel,, 
which naturalists call Macroxaa rufogaster; its 
back is brown, whilst its belly and breast are red — 
a step nearer the white end of the scale. The same 
peculiarity may be seen in the common ass, whoso 
dorsal parts are decidedly darker than those that 
are ventral. It may be observed in most of our 
cows ; but to see how general this peculiarity is, 
one has need to go through a well-stocked museum, 
where, with a few exceptions, the rule seems to bo 
pretty general. 

This darker dorsal portion may be uniformly 
coloured, as in the majority of instances, or varie- 
gated by spots and stripes ; and it is remarkable 
that where there is striping we get an approach 
to and in many examples complete symmetry of 
marking. Examine the markings on the head of 
a Bengal tiger. It will be found to approach a 
geometrical pattern for symmetiy, the stripes on 
one side of the middle lino beautifully balancing 
those on the other. The same symmetiy of pat- 
tern is observable in the zebra, Indian tapir, aard- 
wolf, and even in some of oqr domestic cats. 

Among the higher beings such as those we ars 
now dealing with, there is an axial*' port of the 
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body from which branch off two pairs of limbs — 
the arms and the legs, and in continiiation of this 
axial portion we find a tail These appendages are 
for the most part grasping or locomotive organs; 
and there is this peculiarity in their colouring — 


the body. Fully 94 per cent, conform to the rule. 
Brown horses seem invariably to have black tails. 

A very curious fact ^respecting animal colora- 
tion is that of sexual difference. It has often been 
asserted by natuiahsts that males are ** brighter- 
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they are more absorptively or darker-coloured than 
any other parts of the body. Especially is this the 
case with the tail ; thus, in the squirrel already 
referred to, whilst the belly and back are red and 
brown respectively, the tail is black. The follow- 
ing observation, often made by the writer, may be 
easily repeated by the reader. Make a stand at 
some busy crossing, and of all the horses which 
pass you in a given time, ascertain the percentage 
in which the tail is darker than the axial part of 


coloured ” than females. Now ** brighter-coloured 
is rather a vague expression, and open to grave mis- 
conception. We would therefore substitute for it 
dai*kcr-coloured ” in the sense in which we have so 
far employed this phrase— viz., that of a colour 
resulting from a greater absorption of light. With 
this slight but necessary alteration, the law of sexual 
difference will stand thus : The males of a given 
species are darker-coloured than ihs females. 

The following table in support of this law is con* 
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Btructed from data supplied by Darwin’s “ Descent 
of Man.” It is necessary to mention that **F” 
stands for female and “ M ” for male ; moreover, 
that blue and green are interpolated between white 
and yellow in the colour scale, for a reason given 
further on : — 


Hohkets. I 

1 Buffed Itemor (Lemur ma- 

caco ' 

2 Black Howler (Mj/c«f 08 nige ) 
■3. White-beaded Saki (Pitfwia 

leucocephala) 

4. Chuva Spider Moukej 

( AMe» marginatus ) . , . j 

5. Hoolook Gibbon (Bylobateia , 

hoolook) ' 

a White - tiunrhed Monkey | 
(Semnoyithocwt ohryoo- j 
melae) . . . , . 

Buminakts 
(Chewern of Uie Cud,) 

7. Indian Aut^loiM (AnUlope 

hezoartiott,) 

8. Sable Antelope (lfippotra( 7 iM 

ntger) 

9. Hartebeoat (AlcalapJius 

caama) 

10. Nylghaie (BotelapKuainctus) 

MABBnnALS. I 

(Pouched A nvmale,) | 

11. Bed K'vn^roo (nMcropue 

rufue) 





F 

F 

F 

F 

P 

F 

P 



M 

M 

M 

H 


The uniformities of colouiing which we have so 
far sketched out, as seen in the mammalia, will bo 
likewise found in birds and reptiles, and even in 



Fig. 2,— Peacock Butterfly, 


some of the lowest orders of animals — ^those with* 
out back-bones, or Invertebrataf as they are termed. 
Thus the symmetry of marking is seen strikingly 
in insects. Catch a butterfly, and examine the 
disposition of its colours and markings. No mat- 
ter what the s}>ecieB, it will be found to have the 
ornamental pattern of one side exactly correspond- 
ing to that on the other (Fig. 2). Indeed, this 
“ bilateral symmetry,” as naturalists call it, is 
perhaps in no case better seen than in that of these 
lovely insects. 

The darker colour of the dorsal than of the 
ventral portions of the body may likewise be seen 
in biids, and extremely well in those which fre- 
quent the water — web-footed birda Nor does the 
law of sexual difference fail among birds and rep- 
tiles, as the following few facts, again taken from 
the “ Descent of Man,” will show : — 



!l 

Blue 1 

J i 

1 

1 

1 

II 

Bi0J>r 








Stork of gouiw Xeuorhynclius 








eyo8 




F 

... 

... 

... M 

Hombills (BuceroH) . . . „ i 

F 



... 

... ' 

M 



Condor 

... 

... 

... 

... 


F 

H ... 

LzzAnos. 








Colotes nigrilabns . . . lips 

... 


F 


•*• 


... M 

Zuotooa vivipoxa ('underside of 






1 


body) 

... 

.* 

F 

... 

M 




Serpent. 





! 

1 

1 

Dipsos cynodon 

... 

... 



1 


... M 


In B{)eaking of the limbs and tail, it will not 
require much thought to see that those belonging 
to a mammal have exactly corresponding parts in a 
bird, and taking the squirrel (Macroxm rufogaster) 
and a robin redbreast as examples, one might make 
some such comparison as the following : — 

Squiuhsi.. Bedbrbast. 

Back - - . - brown. Back brown. 

Bully and br..a,t . - red. } ' “ght coloured. 

Front-leg^ flanks - inclined Wings - - dark brown, 

to black. 

Tail ----- black. Tail-tip - - dark brown. 

Such a comparison is not fanciful, as the deeper 
teaching of anatomy tells us that a mammal’s front 
legs are the appendages whicli correspond to a bird’s 
wings. The correspondence of the other parts is 
manifest even to common observers. The point, 
however, to bo noticed is that the wing and the 
tail-tijj are darker than the rest of the body ; or as 
we expressed it in the case of the Mammalia, 
the appendages are more absorptively or darkly 
coloured than any other part of the body. 
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The causes at work producing these uniformities 
in colour are hidden from us, and to discover them 
will doubtless furnish much work for future in- 
vestigators, There are, however, phenomena which 
seem to give us an inkling as to what they may be, 
and these phenomena we will proceed to describe. 
With the approach of winter in the Arctic regions, 
there is a gradual change of colour in many of the 
animals — e p., the Arctic fox and ermine,* and they 
become as white as the snow they tread upon. 
Even certain quadrupeds which do not take on a 
white winter dress become, according to Pallas, of a 
paler tint. This celebrated naturalist states that in 
Siberia such a change occurs in the wolf, domestic 
horse, domestic cow, musk-deer, elk, roe, reindeer, 
and many other animals. The roe, for example, has 
a red summer coat and a greyish-white winter coat. 
Now, it is very tempting to thin*k that the first 
persistent feeling of cold which these aninnUs ex- 
perience when the season altera, giv<»s rise to such 
a change in the skin as is competent to prodiice an 
altemtion of colour ; in other words, that tht. change 
is a product of reflex action (p. 176). There are 
examples of colour-change, in which there cannot 
be the slightest doubt of this being the case. Thus, 
the chameleon, aliout which such wondi*ous tales 
have been told, will alter the coloui* of its coat to 



Fig. a-^Showiiig Chamdeon wider Simliglit, pasdng through 
Bed and Blue Glass. 

some extent when light is allowed to fall on it 
Pig. 3 is illustmtive of an experiment on this point 

* It would seem that man is not exempt firom this change. 
Captain Markham ohaervea It is a enrious fact connected 
with thoae who were for a long period absent from their ship, 
that the hair on their faces was bleached nearly white. The loss 
of oolonr was gradual, and although noticed, was never alluded 
to, each one imagining that blsoompankm^s hair was turning grey 


made by Bert The chameleon was placed in full 
sunlight, care being taken t\at the light illuminat- 
ing the fore pai’t of the 1k)dy should pass through 
red glass, whilst that falling on the hind part had 
to pass through blue glass. The body seemed 
divided into two parts, the anterior of a clear green 
with red spots, and the posterior of a darkish green. 
Here, it is evident that the feeling of light,” if 
one may use the phrase, was transmitted to the 
central nervous organ, and the disturbance was 
then reflected back to produce an alteration in the 



Fig. 4 —Showing Chameleon under Lainp>light, with Dorsal Part 
protected by a Screen. 


a[)pearance of the skin. In another example, a 
sleeping chameleon was placed under the influence 
of strong lamp-light, whilst the dorsal part of the 
body was protected }>y a screen. In this way the 
singular aj)|>e»irance given in Fig. 4 was obtained, 
where the head, neck, feet, abdomen, and tail, are 
of a darkish green, and the protected |)Ortion 
appears like a brownish saddle. 

That colour is regulated by some deeply-seated 
and symmetrically distributed portion of the 
organism, such as the nervous system, seems not 
impiDbable likewise, when we come to think about 
those cases of symmetrictil colouring which we have 
already briefly rcierred to. 

In tho case of the chameleon, direct experiments 
have been made which show that, at any rate in 
this animal, the colour is governed by the nervous 
system. In one ox{)eriment of Berths, it was 
found that if by any accident the spinal cord of a 
chameleon was sevei’ed (as at a in Fig. 5), the 
fore-part of the body was green, whilst tho posterior 
became black. Plainly, here the breaking of the 
nervous continuity caused the dissimilarity of tint 

from the effeota of hardship and anxiety. It was only after 
their return to the ship that those possessing beards and moni- 
taches discovered tho change of hue in their own hair. The 
colour giadually returned in about three or four weeks.”— 
The OrecU Frozen Sea” p. 376. 
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between the two parts of the body. Again, in 
making two or three sections of the spinal cord as 
at a 5 c, Fig. 6, and then exciting the portion of 
the spinal cord at c, which led to the posterior part 



Fig. 5 — ninstratmg Bert’a Expeiiment. 


of the body, and exciting at h that poHion of the 
cord which led to the head, it was found that those 
portions of the body to which the stimulated nerves 
led became of a clear green, whilst the part of the 
body between b and c, the ner\es to which had not 
been excited, remained of a sombre tint. 

It is unnecessary fur us here to give the various 
hy|X)these8 that have been held by investigators, as 
to the nature of the chameleon’s coloiir-change. 
Suffice it to say, that it is the opinion of the most 
recent, M. Bert, that a set of nerves similar in 



Fig S.'—niuftrsting Bert's Expeninent. 


their working to the vaso-motor nerves, are those 
which play the important part of making the in- 
tegument vary in colour under suitable circum- 
stances. 

Extraordinary changes of tint are seen sometimes 
when certain fishes die. Pliny narrates that the 
ancient Romans, who esteemed the gold-fish (MnUm 
hcurhatua) a great j}elicacy, would not dine off it 
until they had seen it die, its exhibition of the 
various rainbow huef> affording them much amuse- 
ment, and, in fact being one of its chief merits. 

Respecting the ultimate nature of this change 
we can only for the present make surmises. It 
may, proliably, be of ^e same nature as that in- 


organic colour-change we have already described; 
and at any rate there is a striking resemblance 
between the two phenomena. We have seen that 
when certain inorganic bodies are heated, they 
change colour in a particular order, and that when 
they cool they regain their old tints. Now, the 
change of stnicture which we have here may pro- 
bably be effected by other agents besides heat It 
only requires the scratch of a pin, or the slightest 
disturbance, to change the yellow iodide of morcury 
into a seal let modification, and it is conceivable 
that in the organic world exiiansion and contraction 
of the component pai*ts of the organism may be 
effected by other means and in other ways than 
those we employ for coloured oxides. Only this we 
look for, that where we liave expansion, there we 
ought to get increased absorjition ; where we have 
contraction, there we ought to have decreased ab- 
sorption. In the case of the chameleon, it seems a 
remarkably confirmatory fact that gieen and yellow 
are acquii'ed when what we may term the com- 
pressing nerves (those which act like Bernard's 
vrischconstricfeum), are at work, and that sombi'e 
tints are assumed when the expaiubug nerves (those 
which play the part of Bernard’s vascHiUatatenn), 
are concerned. 

Again, death in animals is generally accompanied 
by a sort of contraction, known as the death- 
stiffening or riyot mortis. Now, when fishing 
mackei*el, if the tint of one freshly caught be com- 
|>ared with one that is dying, the former appears 
of a sort of sea-green, and the latter of a deej) blue. 
That this change denotes conti*action is l>otter seen 
when one compares it with the behaviour of a hot 
borate of copper bead, which is green, and as it 
cools and contracts becomes blue. Blue and gj*een 
were interpolated in the scale given on p. 254 in 
order to include this Ixirate change. 

It may be that ultimately we shall be enabled in 
some such manner to explain the deepening of tint 
observed in animals passing from youth to the adult 
state ; the acquisition of grey and white by those 
passing to old age, and the similar change, bu 
sudden, which has been brought on at times by 
great privation or acute distress. In a paper read 
at the Plymouth meeting of the British Association 
(1877), the writer attempted to cany this analogy 
farther, by regarding colour-change as evidence of 
alteration of energy. Energy means the power to do 
work, and just as we impart energy to water when 
we heat it — energy which may be turned to usefbl 
purposes by means of the %team engine — so we no 
less impart energy to an oxide when we heat it; 
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and the colour«change is an ocular evidence of this 
transference of energy. Applying, then, this idea 
to the subject in hand, we may regard colour-change, 
where there is an increase of absolution, as evidence 
of increase of animal energy ; and on the contrary, 
where there is a decrease of al>80q>tion, not for 
climatic purposes, as evidence of decrease of animal 
energy. For this purpose our scale would stand 
thus : — 

Black. 



Brown. 

Increase of A 

^ Red. 

Animal I 

Orange. 

Energy. A 

Yellow. 

1 Gr('(>n. 


Docreaso of 
Animal 
Energy. 


Blue. 


White. 


Wo as('end the scale from h'ss i/O more absorptive 
colours wlirii an animal (.•liaiig<‘s from its cnbbood 
to the adult stah*. To take an (example : the young 
of the Howler monkey, known as Mijceies caraya^ 
are of a gi'eyisli-y(dlow ; in tlie second year they 
b('eoin(‘ roddisli-brown ; in the third year they arc 
black all over, save tbe stomach, and after this the 
stomach la^coines black too. Tbe chang(* is typical, 
and may 1 k', seen in other animals, even in man. 
Many a man witli red, brown, or black hair had, 
as a cliild, yellow loekh. 

On tlie otluu’ Imiid, wh(‘ii the prime of life is past, 
when life is on the wane, and energy decrcasnig, a 
change is seen in tlu* opjH)sil.e direction — tJio hair 
becomes gr(‘y or wliite. Such a change to greyncss 
ha.s likewise been observed in tlu‘ fox and dog, 
horst^ anti hare. To keep u[) the analogy, one would 
naturally expect some such change where th('i*e is 
an excessivt? draught on the vitality, j)rt)due(jd by 
sudden fear or great jirivation; and it is noteworthy 
that many of the survivoi's of the wreck of the 
Strathmore liad the colour of their hair temporarily 
changed by the suflbriugs and anxiety they had 
undergone. Black hair became brown and red, 
and fairer colours were changed to white and 
flaxen. 

We may now conclude vith a few words on the uses 
of these colours to the animals which ix)sses 8 them. 
There can be no difibrence of opinion as to the use 
of a hairy covering, for it evidently serves the same 
end as clothes by keeping the body warm. Now, 
we change our garb with the season, as we find by 
esqpeiienoe that a light, airy suit is much fitter for 
Bummer wear than the dense heavy materials we 
employ in winter. It is not unreasonable to think, 
therefore, that it would be conducive to the well- 
88 


being of animals in the Arctic regions if they could 
bo protected against tha co. d, which is at times so 
extremely severe as to f^sje mercury as hard as a 
stone. It may be that the winter change to snow- 
white answers this purpose. Such a supposition 
receives some support on physical grounds. We 
know that good absorbers of heat readily give off 
the heat they have absorbed. A good absorlxjr of 
heat would therefore be ill-fitted to keep the animal 
frame in a wann and comfortable state in a cold 
region. On the other band, we are equally certain 
that a bad absorber of heat does not roulily part 
with the heat it possesses. Therefore, a bad 
absorber of heat would bf‘ well adapted for keeping 
an animal warm. On these groimds, it is not im- 
probable that the badly absorbing white fur is much 
fitter for winter wear than the dark and lieat- 
absorbingsunimer coat. The former 'would economise 
animal In at at a time when food is scarce and the 
atmoaj)heix‘ rigorously cold ; the ]attf‘r would r(‘adily 
part with surplus lu'at wJieii food is plentiful and 
climatic conditions ar(‘ com j)a rati vely mihl. 

It is sup|)os(Ml by naturalists tluit Ibis snow-tint 
of Arctic fauna is a j)rut(*ctive colouring that 
an animal is concealed by its resemblance to the 
snow from tlie en(‘my that wouhl prey upon it. 
8 uch an idea is in no way inconsistent with tbe 
liyjM)tliesis of “climate prote<;tion ” just advane<*d, 
but, at tlie same time, it is Is'set by what seems to 
the writer a formidable ditlieulty. A colour wliich 
conceals both the enemy and the prey it stalls upon, 
favours one in the same measure as the other, and 
would seem, therefore, to be useless. 

The ilermal covering may be regarded as a sort 
of lu'at-cconoiniscr which is probably governed by 
tbe nervous system j and one can quit-e under.stand 
that if tbe atmosjiheric conditions rendered it neces- 
sixry, the white coat would be retained the whole 
year round. Asa matter of fact, natuialists have 
found that the changing hare {Lepm va/riabilu) 
retains its shining white fur in Scotland until 
the month of March, or even later, according to the 
temperature of the atmosphere. Taking this view 
of matters, we may regard that differcnee of tint 
between dorsal and ventral parts, to which we 
called attention in the fore-part of the paper, as 
due to a similar cause. Thus, the ventral parts 
being constantly turned towards tbe cold ground, 
must, by radiation and direct contact, be constantly 
in need of a warm covering. Hence, tlie white 
abdominal fur may be induced in the same way, and 
have to serve the same end, as the snow-white garb 
of Arctic animals. 
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The sandy colours of many desertrfrequenting 
animak; the green colours of birds and reptiles 
living in tropical forests ; and the remarkable tints 
of many insects, are regarded as examples in which 
the colonrs are protective, by affording concealment 
either from their enemies or from the creatures 
they prey upon. It may be that many of these are 
real cases where protection is derived ; some, how”- 
ever, are open to doubt. The chameleon was once 
considered a fine example of protective colouring, it 
being roundly asserted to have the power of adapt- 
ing itself to the colours of suiTounding objects with 
the greatest readiness ; and it was thought that it 
kept out of harm's way in this manner. The wild 
tales that were told of it by travellers and |>oets 
have not been supported by the sober researches of 
Milne-Edwards, Pouchet, Bert, and others. Its 


odour-changes have not been found to be so sudden 
or so extreme as imaginative writers weie wont to 
describe. On this aiocomt, the idea of protection^ 
BO &r as the chameleon is concerned, is now regarded 
with some disfavour. 

Although we must now end our necessarily brief 
survey of the colours of animals, we have not dealt 
with a tithe of the matters which rightly come 
witliin our province. In treating of a subject 
wherein much freedom of thought is permitted, our 
aim has been rather to be suggestive than d<^- 
matical, and for further information we would refer 
the reader to the great book of Nature ; or if his 
})ursuits will not permit of his making independent 
observations, then we would i^fer him to the next 
best tiling — the writings of Darwin and Wallace^ 
which are excellent storehouses of fact 


SCIENCE AND PHOTOGRAPHY. 

By John Thomson, F.RG.S. 


C HEMISTRY and optics are the parent sciences 
to whose union the world is indebted for 
photography. Brought to light during tlie early 
part of this century, partaking of the character- 
istics of both parents, photography has pursued an 
independent course, opening up new fields of 
scientific research, and materially aiding the pro- 
gress of discovery. No discovery of modem times 
has found a wider sphere of usefulness, contributed 
more liberally to our store of accurate knowledge, 
or has a more important part to play in the future 
history of scienca A retrospective glance at what 
photography has already accomplished will unfold 
some phases of its development, which read more 
like romance than reality. 

About the middle of the sixteenth century 
Porta's camera-obscura and the chloride of silver 
discovered by Fabricius were the optical and 
chemical germs of photography. Porta’s camera 
projected images of outer objects through a small 
aperture pierced in the doorway of a dark chamber 
on to a screen. It was only necessary to render 
this screen sensitive to light, so that the images 
might be imprinted on its surface, to complete the 
discovery of photography. Fabricius discovered the 
sensitising agent *in a salt of silver, and it is, to this 
day, on silver compounds that photography depends 
for its finest results. 

Here then, three centuries ago, were the rudi- 


mentary camera and chemicals, but it was not until 
the year 1801 that the scientific union of these was 
effected by the labours of Wedgwood. This dis- 
tinguished experimentalist, aided by Sir Humphry 
Davy, succeeded in producing impressions of imagea 
projected by his solar microscope upon a screen of 
paper or leather rendered sensitive to light by a 
coating of silver chloride or silver nitrate. These 
images were impressed in a dark chamber, and 
could be viewed only by weak artificial light, as no 
means was discovered of fixing the pictures so 
obtained. 

At this step the progress of discovery was 
arrested; nothing further being done until Niepce,. 
Daguerre, and Talbot, men of a new generation^ 
came to solve the problem of permanent sun 
printing. These three savants laboured inde- 
pendently ; each accomplishing his task in his own 
allotted way. Niepce found that bitumen became 
insoluble after exposure to light, and taking advan- 
tage of this discovery obtained impressions of 
engravings on paper, by sun printing. Bitumen,, 
however, was not sufficiently sensitive to be of use 
in the camera. 

Daguerre and Talbot’s researches were rewarded 
by the discovery of the processes which bear their 
names. Daguerre rendered silver plates sensitive to 
light by the fumes of iodine (Fig. 1), and discovered 
that a latent^ invisible imago was impressed by the 
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camera, which he evoked by the vapour of mer- 
cury. Talbot’s earliest photographs were produced 
on paper charged with a solution of silver chloride. 
Impressions of leaves and flowers were obtained 
by exposing this paper to the solar rays, under 
the objects to be copied. 

Talbot’s oalotype process, communicated to the 
Koyal Society in January and February, 1839, 
gave a new and most important direction to his 
researches. The process embraced the discovery 
of the latent image, and mode of its development. 
Oalotype paper was so exalted in sensitiveness 
that it was at once available for portraiture in the 
camera. Impressions obtained direct in the 
camera were termed negatives, and from these 
Talbot produced positive copies in the photo- 
printing press. 

BagueiTe’s and Talbot’s discoveries were nearly 
coeval. They were both announced in January, 
1839, but Daguerre’s method was not made public 
until August of that year. It was not until 1840 
that the first portraits wore taken in the camera, 
on Daguerrotyj)e plates, by the employment of 
bromine vapour, to increase their sensitiveness, an 
improvement due to Mr. Goddard,* and by Talbot’s 
calotype process. 

Talbot soon applied his process successfully to 
photo-micrography ; on this subject, ho said : — 
** Contemplating the beautiful picture which the 
solar microscope produces, the thouglit struck me 
whether it might not be possible to cause that 
image to impress itself upon the paper, and thus to 
let Nature substitute her own pencil for the im- 
perfect, tedious, and almost hopeless attempt of 
copying a subject so intricate.” 

Talbot carried his scientific researches in photo- 
graphy further, each step being crowned with a 
greater measure of succesa He so exalted the 
sensitiveness of his calotypic paper as to enable him 
to obtain a perfect impression of a printed sheet 
attached to a rapidly revolving disa This disc 
was illuminated for an instant by a flash from the 
Leyden jfu: of an electric battery. The most 
impoitant result of Talbot’s scientific labours in 
connection with photography, was his method of 
producing a photo-engraved copper or steel plate 
fit for the printing press. His first sucoessful 
experiments in this direction depended upon the 
remarkable property, already mentioned, of bitumen 
in becoming insoluble when exposed to light This 
plan, however, was set aside in favour of a mixture 

* Timmdier : “Hiitory and Handbook of Pbotography,” 
p, S60, Appendix A. 
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of gelatine and bichromate of potash in water, 
a discovery due to Mungo Ponton and BeoquereL 
This mixture proved much more sensitive to the 
solar rays, and, like bitumen, became insoluble 
when exposed to light. The discovery of this 
property in gelatine sensitised with bichromate of 
potash laid the foundation of all the known photo, 
glyphic processes of the present day. 

Talbot’s process of photo-engraving, although in 
his hands successful, was hedged round with diffi- 
culties in the hands of ordinaiy operators. These 
difficulties have been overcome, and new or modified 
methods have grown out of the old, so that it is 
now possible in some measure to supersede the 
engraver, and to produce printing blocks fitted for 
book illustration which may be set up and printed 
with type in a steam press. 

It is im}x)ssible to over-estimate the boon con- 
ferred on science and art by this new mode of 
diffiising knowledge. One element of success in the 
new departure in engraving is purely commercial 
— ^it is cheap ; it is also good and true. Where 
facts in science have to be recorded it stands alone, 
and is so incontestably correct as to be of the 
utmost value in furnishing evidence in courts of law. 
Photographs of this soi’t furnish trustworthy data for 
geography, ethnology, chemistiy, and a host of other 
sciences too numerous to catalogue; also phenomena 
invisible to the naked eye are brought within 
the range of our senses by such sun messengers as 
these. But to be more accurate, it will be necessaiy 
to make a brief survey of some of the most pro- 
minent applications of photography to science. 

It is difficult, nay almost impossible, to limit 
the scope of geography, it embraces so many 
branches of science, but it is witliin the mark to 
say that photography finds a field of usefulness in 
neai-ly all phases of this fascinating pursuit ; and 
that the relation between sun picturing and science 
becomes closer year by year, as our knowledge 
advances. 

The operations of photography have become so 
simple and are so well under control in the hands 
of the oj)erator, that the camera and sensitive plates, 
or films, form, or ought to form, an important part 
of the outfit of every exploiing expedition. The 
apparatus may be carried in very small compass, 
and the plates are available for picturing the 
geological and topographical features of a country, 
as well as the physical characteristics of its in- 
habitants, its botany, and its zoology. Such sun 
records of travel, in order to meet the requirements 
of science, should be done to scale, so that the 
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aavard may pursue his studies at leisure when a 
series of photographs are placed before him. 

One of the most delicate and subtle applications 
of photography will be found in its connection with 
q)ectroscopic analysis, an experimental prooess to 
which the chemist and iMStronomer are alike indebted 
for some of the most startling disooveries of ourtima 
Wollaston was the first to observe the presence 
of certain black lines occupying fixed positions in 
the solar spectrum, but to Frauenhofer belongs 
the honour of first carefully measuring and 
mapping them. The subsequent discovery, by 
Kirclioff, of the cause of these lines, gave a great 
impetus to the new system of analysis. It was the 
discovery of a now language of which these lines 
were the visible chamctera Kircboff proved that 
the hues in the solar spectrum were caused by the 
presence of certain gases in the atmos]>her(^ of the 
sun, and of the vapours arising from metals 
in a state of incandescence. It is white light from 
the body of the sun piercing those vapours that 
tnmsmits to oar earth evidence of their presence 
in the solar atmosphere. Photogi^phy, by the 
reproduction of lines in the spectrum which the 
human eye perceives, and of others which it dot^s 
not perceive, discloses the presiuice of known sub- 
stances, and thus registers this evidence. 

In this way Bunsen, Kirchoff, Rutherford, and 
others, have gained some knowledge of the 
chemistry of the sun, while Dr. Huggins has 
succeedetl in the still moi-e difficult task of un- 
folding the secrets of the fixed stars by photo- 
graphing their spectra. 

The differences that exist between solar and 
stellar spectra, and between the spectrum of one 
star and that of another, need not be discussed 
here. It may, however, be said that photography 
applied to the syiectroscope supplies records of 
these differences in solar and stellar chemistry 
which will form a basis of reference in future ages, 
and a means of detecting changes that may occur 
in the comf>osition of the sun and stars. 

Photography, in its relation to the heavens, is 
not confined to the revelations of the spectroscope. 

It has been utilised in making a celestial chart by 
Rutherford and other astronomers, showing the 
relative jiositions of stars at any given time. 
These charts will prove of the utmost value to 
future generations. Our neighbouring satellite, 
the moon, has been a favourite object for astro- 
nomical photography. It has been impressed in 
all its j)ha%e8 ; so well and frequently has this 
been done as to impart an ever-widening know- 


ledge of its physioal Smturm tts momtsAsm mi 
valleys are even joamed, desociMli imd mmuvei^ 
an approximate eftimale bidllt iiim of tha 
elevation of its mwMmiaiiddqBltie# 
from the lei^ et tlie mi 

light upon ito eurlMtk Bmm ^ 
and wonderful levektioni ^ 
phenomena ocmnooted with m it* hni 

recorded by photogiaphy* 

Daring the eoiipee d Ifay, 1<^ 
were taken of the wm*a corona by ijie mwpabm ct 
the scientific expeditions posted at vuntafe points 
in Egypt. The native plates obtained in IBgfpt 
of the corona and spectrum of tiie corona piov^ 
most satisfactory. These impressions were ^ken 
upon glass plates coated with the most sensitive 
mixture of gelatine and bromide, or bromo-iodide 
of silver. This gelatine emulsion has, within the 
last ten years^ completely revolutionised the practice 
of photography. They (the plates) can be carried 
about in the dry state without detriment for at 
least two or three years before being expose 1 in 
the camera to receive their impreasimis. These 
images, when impressed, may remain latent and in- 
visible on the plates until it is oonvenient for the 
operator to bring them out by developineut The 
seiisitivenesH of these plates to weak radiations of 
light prortnl of great value to the expedition ; also 
their l>eing always ready for use.* 

Tlie use of photography in connection with the 
micro8COjx> was demonstmted by Talbot ; and since 
his time, the progress of this branch of sun-printing 
has kept jiace with improvements in the instru- 
ments and the sensitive plates ujxm which photo- 
micrographs are taken. Photo-miorographic impres- 
sions may be taken either by solar or artificial 
light, with the aid of the object-glaas of a microscope 
alone. Animal and vegetable tissues are thus 
rendered on a greatly enlarged scale with the 
utmost delicacy, and may bo photo-engraved for book 
illustration or for the use of students in class-rooms. 

Micro-pliotoyraphy is the term applied to the pro- 
cess of reducing images of objects to the smallest 
possible dimensions by means of photography. This 
department of our subject was brought to per- 
fection about 1859, when toy microscopic slides 
were in vogue, some of which contained in the 
space of a pin’s head as many as one hundied 
portraits of celebrities, which could only be dis- 
closed to view beneath a powerful microscope. 

Pigmy photographs, attached to the end of a 
cylindrical lens, and inserted in jewellery, became 
* Bee Pholoffraj^ Jfewtf Aug. 4, 1BB2. 
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ooBiuiion Bvt time nioro-|)iiotQgni.pba 

deetiiwcl eee kag to etrre imperteat eiUs. 
Darit^ tb« bVwaoo'prtMieia War ia 
<Jm fttooeea jtnmA fit toke wbet^ Piitto wee 
husufyffiSL tlm^ hiuKleed 

tli^ittpaidi diaiiiofe6K9 *w^ 6 f 0 t^6diicii^ to tbo #| n v ffp 
>of tuno jti^okeo hf ow mdau IQio tikin ooUo^cm 
1^ V^pm wImu^ tbo doomimti wore reduced wet 
ttvi]^p^ frotd itt i^aat tappoii, folded iip> inserted 
in A goose-quill^ s^ fixed to the tail of a carrier 
pigeon (Big. 4), to be borne in safety across the 
Prussian lines to the beleaguered city. Afterwaids, 


when the winged messengers had finished their 
fiiglit, the despatches were placed in an enlarging 
lantern, and projected upon a white screen, so as to 
be read and tranBcril>ed by press reporters. 

Since the year 1859, barometric a^ul thermo- 
metric photo-registers have been in use> at Kew 
Observatory. The apparatus employed has been 
gradually improved and perfected, while new modes 
of photo-registration have also been devised. TJie 
value of meteorology as a science depends upon 
the accuracy with which atmosjdieric changes are 
registered at regular intervals of time. 

Such observations can be made automatically 
by mechanism aided by the sensitive plate or 
paper of photography. This has been accom- 
plished in such a way as to establish continuous 
records of the rise and fall of the mercurial 
columns in the barometer and thermometer. In 


order to get some notion of how this is done, it 
should be borne in mind that above the mercurial 
odiumn of the barometer there is a clear space of 
glass iuldng. In front of this space a light is 
plaoodi and on the opposite side of the tube a 
metal {date having a slit out in it of <he siaie 
width as the oduum of mercury. Under this sht 
a band of sensitive paper is unrolled from a drtoni 
and kept eontinually in motion by an arrangement 
of dock-work. The light passing through the slit 
and foiling upon the moving hand of sensitive 
papers, prints a line of vaiying thickness corre- 


sponding to the rise and fall of the column of 
mercuiy. 

By a similar arrangement the rise and fall 
of the mercury in the thermometer are accurately 
registered. Meteorological observations are recorded 
by photography at many observatories in different 
parts of the world, and the lesult is that com- 
parisons may be made of the state of the atmo- 
sphere at a given time and at stations widely 
apart, and conclusions drawn regarding the phe- 
nomena, or laws of atmospheric disturbance, and 
the results to be looked for when disturbaaices do 
occur in certain regions of the globe. 

There are many other ways whereby photography 
assists in filling out, so to speak, our knowledge. 
Some of these may receive only a passing notice in 
this necessarily brief article. 

There, for instance, is submarine photography, 



Yig 1. — A Cricket Match (From an tnotanianoouo PKoto^rrapK by Meooro. Mai oh BrotH«i6 ) 
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successfully pursued with the electric light; and^ 
again, the photography of animals in motion. Mr, 
Muybridge, an American, and M. Marcy, a French- 
man, have laboured chiefly in this fleld, taking pho- 
tographs of animals in motion at regular intervals, 
in the fraction of a second of time The object of 



Fig 2 .— Photoghaph op a Tbottwo Hobsji. 


retina. (Figs. 2, 3.) Besides animals in motmi^ 
scenes full of active life are now frequently photo- 
graphed (Fig. 1). 

Photogra/phy in colour i^mains still to be dis- 
covered. Some approach has been made towards 
the solution of the problem. Sir John Herschel, 



Fig S.—Photogbapb Of A QAixopiira Hoess. 


taking a series of impressions of an animal in rapid 
motion at brief intervals, is to register the iK)sitious 
of the limbs and play of the muscles at any 
point between the beginning of a leap, or stride, 
and its termination. This is done so success- 
fully that a series of these photographs placed 
in the zoetroj)e produces, when the instrument is 
set in motion, a perfect imitation of the continuous 
motion of an animal, 
say, in racing, another 
series in leajnng, and 
a thiid in hunting 
and so on. The posi- 
tions in which the 
horse in motion have 
been portrayed by 
these photographs ap- 
pear constmined, and 
are quite at variance 
with art picturings of 
animals racing, hunt- 
ing, and leaping. But 
although these impres- 
sions of a horse at 
any part of its stride are scientifically correct, 
they fail to convey the idea of motion. What 
the artist aims at depicting on canvas is the im- 
pression of motion, just wliat he can see ; and he 
succeeds, because he supplements what he sees by 
the feeling of motion carried to the brain by the 


in his experiments on the juices of flowers, hojied to 
find a clue to the mystery, but failed. He tried 
to impress the solar spectrum on silver chloride, 
and succeeded in obtaining a faint and fleeting pro- 
mise of chromo-photography. In his researohea^ he 
was followed by Becquerel, Niepce de Saint-Victor, 
Poitevin, and others, but their labours have come 
to no practical issue. In this direction photo- 
graphy is thus far 
limited. 

It is a recorder of 
the light and shadow 
of images seen by the 
human eye, but the 
camera perceives and 
notes more and less 
than the eye. More 
in the minuteness of 
its records, less in 
its relation to colour, 
and the feeling of mo- 
tion produced on the 
retina. Photography 
breaks down as an 
inteipreter of colour in reproducing the colour 
values ill nature and in art. This negative 
quality in photography, however, is not without 
its value to those whose labours ai^ directed 
to the investigation of the nature of light and 
colour. 



Fig. 4 .-~Cabsizs Pioeoh with PHOrooBArazc Despatch. 
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A THTJNDEE-STORM. 

By William Durham, F.R.8.E., etc. 

A lmost every one must have seen a thunder- thing unusual about to happen. Suddenly a dense, 
storm at some i^eriod of his or her life ; few, dark cloud forms overhead, which rapidly increases 
however, have regarded it with intelligent interest in size, rising higher into tlie atmosphere, and 
as to the cause which produced it or the foixjes drawing towards it any little clouds that may be 
displayed. Some are content with contemplating scattered about, although they may have been quite 
the sublimity of the spectacle ; while others, in motionless before ; just like an army prepai'ing for 
ignorant or superstitious fear, seek to hide them- battle gathering in its scattered detaclimcnts. 
selves from the attending <langer by shutting it out Increasing in size and blackness, with an ugly, 
from their sight. ragged, and tlireatening look, the mass of cloud 

Those, however, who desire to know more of begins to approach the earth, sending out masses 
Nature^s works than appe^ars on the surface, while sometimes at one part and sometimes at another, 
not insensible either to the grandeur of the display but always towaixls the earth, "while little cloudlets 
or to the danger that accompanies it, will calmly hurry to and fro over its surface, like offioeis mar- 
aud quietly examine all that happens, and try to shalliug the ranks for a grand attack. The rain 
find out the cause by imtient investigation. With now commences to descend, and the first faint 
this purpose let us watch the progress of a thunder- beginning of the stonn is heard, like the distant 
storm. The weather has been warm and sunny for growl of some savage animal, low and thi*eatenmg ; 
some days j people complain of a feeling of depres- flashes of light are seen darting here and there in 
sion and heaviness, which tliey account for by the midst of the cloud ; sometimes the whole mass 
saying tfaeie is thunder in the air” — rather a is lighted up as with a vivid sheet of flame, or tlie 
curious way of putting it, as thunder is usually dark edges of the cloud are brilliantly illuminated, 
heard, not felt No doubt, however, there is some- displaying its ragged-looking form many times in 
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succession ; the thunder increases in fi*equency and 
loudness, sounding like the rattle of musketiy 
mingled with the roai’ of niijillery. As the doud 
nears the earth, a flasli pisses between them, 
followed instiuitly hy another flasJi at some distance ; 
Hiif/ soDjetiwob we can tiuce through the cloud a 


overhead with appalling Tiolaii06i ind 
lightning flashes on every side. Now in tlm tilDte. 
of danger. The lightning in its path tO the Oirlh 
biirsts through all oj^Kmilon with imdst^e 
violence : buildings unprovided with lin^txdngHXm-^ 
ductors are aliivei'ed to pieces like oaatles oacds 



Fig. 2.— Liohtvimo riiuHO ▲ Stribt Qab*Lamp. 


connection between the two flashes. The lightning 
varies in appearance: sometimes it is a clearly- 
defined zigzag line; at other times it forks or 
spreads into many sharp points ; occasionally it 
becomes a ball of file, moving at a slower speed 
than either of the other forms, so that the eye can 
follow it. Many suppose this ball is a really solid 
“ thunder-bolt but it is not so, but only a modifi- 
cation of the other forms of lightning. The storm 
is now at its height, and rages as a battle among 
the elements; the thunder roars and crashes 


and woe to the unfortunate being who chances to 
be in its path — death is his certain fate, and that 
in an instant 1 If the lightning should chance to 
light on sand, it not unfrequently fuses it ill its 
path, and leaves long rods of a glassy natui’e as 
evidence of its fearful energy. This display con- 
tinues until the cloud has exhausted itself, when it 
vanishes almost as quickly as it gathered, and we 
ore left with a feeling of relief and freshness. 

Of all the forces of nature with which uge are 
acquainted, the one that seems most likely to afford 
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ua aft explanatioii of a thundorHstorm is electricity, 
!J%ie famous American philosopher and statesman, 
Beigamin Franklin, was the first to light upon a 
method of proving thia By means of flying a 
kite, provided with a sharp steel point on its head, 
connected with the string, he succeeded in bringing 
down from a thunder-cloud flashes of lightning, 
which, he proved, exhibited all the phenomena 
known to be <iue to electricity. The experiment 
is attended with considemble danger to the 
operator, as was proved by the fact tliat a 
Russian physicist repeating Franklin^s experiment 
was struck dead by the lightning; so any one 
desirous of trying it must exercise the greatest 
caution. We shall therefore examine the laws and 
phenomena of electricity so far as they bear on a 
thunder-storm, and see how far they explain what 
we have observed. When seeking for the origin of 
such a grand display, we are apt to look about us 
for some etpially grand cause ; but Nature often 
commences her great(^st works in a very modest 
manner, working for long silently and unseen until 
she accumulates her forces; and in this case it is 
so. We must commence our investigation with 
phenomena so trifling as almost to escape observa- 
tion. 

It is well known that electricity developed by 
friction first exhibits itself in attracting such light 
bodies as feathers, <Vc. ; and further that the elec- 
tricity developed on the glass acts somewhat dif- 
ferently from that developed on the wax. While 
both attract any light body tliey are brought neai*, 
and one another, yet glass electricity repels glas.s, 
and wax electricity wax. To distinguish between 
these two kinds, we call the electricity deve- 
lo|)ed on glass positive, and that on wax negative . 
Therefore, when wo speak of ^xisitive or negative 
electricity, we just mean tliat the former is like 
that developed on glass, and the latter like that on 
wax. 

Electricity can be conveyed from one body to 
another by contact ; and this affords us the means 
of making a little testing apparatus to show by 
what kind of electricity any l>ody is electrified. 

Let us take a small pith ball and suspend it 
by a silk fibre from a stand, as in Fig. 3. On 
rubbing a glass rod with wax and bringing it near 
the pith ball, the latter will be attracted like the 
feather, but immediately on touching the glass rod 
it will fly off as marked by the dotted lines on the 
figure. On bringing the excited wax, liowever, 
near it after being touched by the glass rod, the 
pith ball will be attracted by the wax. If we wish, 

34 



3.— Pith Boll Suspended to a 
lent Glass Bod by a Piece of Silk. 


therefore, to know what electricity any body has, 
we just touch the pith ball with excited glass and 
bring it near the body ; if it be attracted, the body 
is negative; and if repelled, positive. With 
instruments constructed on this principle, but of 
exceeding delicacy, it is found almost invariably 
that when two dif- 
ferent substances are 
brought into contact, 
and especially if there 
be friction between 
them, electricity is 
developed — positive 
on the one substance 
and negative on tho 
other. And the one 
is never developed 
alone ; whei*ever there 
is positive developed, 
there is also an equi- 
valent of negative, 
and vice versd. 

When water hold- 
ing salts in solution is in contact with the soil, 
electricity is always developed, the water becoming 
generally, though not always, positive, and tlie soil 
negative ; the arrangement seeming to depend on 
the kind and quality of salts in solution. This 
last fact points to the origin of a thunder-storm ; 
from this small beginning, which can scarcely be 
noticed even with the aid of the most delicate 
apparatus, arise such terrific storms as we have 
ilescribod. We know that from the surface of the 
sea aaid all water on the surface of the earth, 
there ascends into the atmosphere, especially in hot 
weather, a constant stream of invisible particles 
of water, which, on condensation by cold or other 
causes, form clouds. Now these particles of 
water carry up with them the still more invisible 
electricity they have acquired by contact with 
the earth. ^ Having discovered this feeble source of 
electricity, we sliall proceed to investigate the laws 
by which it increases so much in energy as to pro- 
duce the great effects we have observed. As we 
know electricity is produced in small quantity by 
rubbing a glass rod, we endeavour to increase the 
quantity or intensity on the same principle. Ac- 
cordingly, we make a machine like that in Fig. 4. 
It is a glass cylinder (taking the place of the glass 
rod) mounted on brass bearings so that it can be 


* Professor Tait has shown that friotion between particles 
of watery vapour and the air develops eleotrioity, and thinks 
this may be one of the sources of atmospheric eleotrioity. 
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made to revolve; c is a cushion pressed firmly 
against the glass cylinder, and takes the place of the 
wax; B is called the yrimt (xmductor^ and is a 



Fig ^.-^Cylindrical Electric Maolime. 

metal cylinder, supported on a glass pillar, and 
having shari) ^wints on the side next the cylinder, 
but not touching it. This takes ofi* and accumulates 


not escape to the earth either by its glass support 
or through the air, but accumulated on the prime 
conductor, we say glass and air, or bodies that act 
like them, are 'twrirconductora of electricity. 
We shall see that this observation is of 
gi*eat importance in understanding the 
‘thunder-storm.” Fui*ther, we notice that 
the ail* is not absolutely a non-conductor, for 
the electricity passes through it in the shape 
of a spark, but that to produce this spark of 
any size we must accumulate electricity so as 
to burst through, so to speak, the resistance 
of the non-conducting air, 

(2) Place before the piime conductor of 
our machine a metallic cylinder supported on 
a glass pillai*, as in Fig. 5. On charging the 
prmie conductor as before, by causing the 
glass cylinder to revolve but not causing a 
spark to pass, we shall find tliat one end of 
the cylinder (a) next the prime conductor on being 
tested witli the pith ball is chmged with negative 
electricity, and the other end (b) with positive, 


the electricity develoj)ed by the rubbing of the 
glass. A piece of silk is placed on tlie top of the 
glass to prevent the electricity going off into the air. 

When we turn the cylinder of this machine, and 
examine the piime conductor with our pith ball, 
we find it is charged with positive electricity, like 
glass. 

Witli this machine we get clear indications of 
the power of electricity to produce light. While 
it 18 in operation, if we look into the space l)etween 
the sharp points of the prime conductor and the 
revolving cylinder, we see sparks of light passing 
between them; or if we bring our finger within, 
say, half an inch of the body of the prime con- 



ductor, a bright spark passes between them, ac- Fig a— Metallic Cylinder before the Prime Conductor. 


companied with a sharp snap, and we feel a sort 
of prick on the finger. 

Putting our machine in motion, we shall make 
one or two experiments. 

(1) Attach a small metallic chain to the prime 
conductor b, and let it hang down and touch the 
ground. If we look now at the sharp points of the 
prime conductor, we shall see the light still passing 
from the glass as it revolves ; but we shall not be 
able to get any spark from the prime conductor 
itself, nor will the pith ball indicate that it is 
electrified. N<fw, clearly, the cause of this is that 
the chain is cofnduding all the electricity down to 


marked in the figure — and -p. On causing one 
spark to pass, the cylinder will return to its 
ordinary state, and exhibit no trace of electricity 
whatever until the machine is again set in motion. 

(3) Let us repeat the foregoing experiment, with 
this alteration: — Attach a metallic chain to the 
cylinder, and let the end of it touch the ground. 
On charging the prime conductor again, wo shall 
find on testing that the cylinder has negative 
electricity over its whole length, which will also 
disappear on the passage of the spark. 

Hiese three experiments show that electricity 


the earth as fast as it is produced. We therefore may be generated in another way than by Motion 
say the chain, or any body that acts like it, is a or contact. As this has been brought about by the 
wnducUyr qI electricity; and as the electricity did mere presence of an electrified body (the prime 
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omiduotor), it is called because the one 

body has induced electricity in the other body 
near it. It has to be noticed also that positive 
electricity always induces and holds negative elec- 
tricity nearest it, driving the positive as far away 
as possible, and holding the negative so firmly that 
although there is a conductor down to the ground 
it remains on the cylinder. Of course negative 
electricity induces positive. We see also that the 
passage of the spark reduces the whole arrange- 
ment to its natural state. 

On the principle of induction we shall now con- 
stnici an apparatus to enable us to increase the 
quantity of electricity before the spark passes. For 
this purpose we take a gloss jar or bottle, about, 
say, ten inches high, and cover it inside and out to 
within two inches or so of the edge with tinfoil ; 
we connect the tinfoil on the inside with a metal 
rod surmounted with a little ball which rises above 
the mouth of the jar about two inches. The ar- 
rangement is shown in Fig. 6. On connecting the 


metal wire, gold-leaf, &c., can be melted or even 
dissipated in vapour. It fact, a miniature thunder- 
storm can be produced. 

Having thus worked our way up from the ele- 
mentary principles of the production of electricity 



by friction, contact, and induction, to the pi*oduction 
of phenomena similar to those displayed in a thun- 
der-storm, we are in a position to trace out and 
explain the whole process. W e learn that a thunder- 


bi*ass ball with the 
Wr prime conductor of oiu- 

W machine, and setting 

the latter in motion, 
2 )ositive electricity 
passes into the jar and 
I accumulates on the 

tinfoil. It cannot piiss 
to the earih, because 
the non-conducting 
^ glass jar prevents it ; 

but it induces negative 
el^ricity on the tin- 
foil on the outside of 
the jar (which takes the place of the cylinder 
in our former experiment, being connected with 
the earth). By joining a number of these jars 
together by the little bi’ass balls, we get that 
veiy powerful arrangement for accumulating elec- 
tricity called an electric batteiy (Fig, 7), and 

when fully chaiged we can cause a spark of great 
brilliance and strength to pass, and the sound 
acoompanying its passage is greatly augmented. 
With this apparatus we can imitate many of the 
phenomena of lightning, though of course on a 
much smaller scale. When one of these jars fully 
ohaxged is held in one hand and the brass ball 
toudied with the other, a violent shook is felt by 
the operator. A complete battery will give a 
shock sufficient to produce serious danger, so that 


storm is only the climax of unseen action that has 
been going on for some time ; the little particles of 
water have been silently carrying upwards their 
little loads of electricity acquired by contact with 
the earth ; as they increased in size by tiniting in 
the form of clouds, the electricity increased in in- 
tensity from the same cause, so that the cloud be- 
comes like the inside of the electric battery, highly 
charged by an electric machine. Then the air acts 
like the glass of the yar, and the earth like the 
tinfoil on the outside, and consequently by induction 
gets strongly charged with negative electricity as 
far as the influence of the cloud extends. As 
positive and negative electricity mutually attract, 
and' the cloud is movable, the latter appix>aches 
the eailh. When any pait of it gets sufficiently 
near for the electricity to burst- through the inter- 
vening non-conducting air, a flash of light passes. 
The foregoing is in general outline an account of 
what goes on during a thunder-storm. 

We shall now endeavour to explain some of the 
facts we noticed while the storm was raging, on the 
principles we have worked out. 

(1) The uncertain movements of the smaller 
clouds. As stated before, water in contact with the 
earth is not always chaiged with positive electricity ; 
it is sometimes negative ; consequently we may have 
clouds variously chaiged, and there will be attrac- 
tion or repulsion between them, according as a 
positive cloud meets a negative cloud or another 


it requires careful handling. Wltli a very large positive one. 

battery blocks of wood can be rent in pieces, thin (2) The flashes of lightning in the body of the 
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cloud itself are accounted for on the same principle. 
Parts of the cloud separated by some little distance 
and differently charged flash a spark between them 
as they approach. If this occurs on the side of the 
cloud furthest from us, we may not see the lightning 
clearly defined, but only as a flash lighting up the 
whole surface ; or if the cloud is dense enough, we 
may see only the edge illuminated brilliantly, al- 
thougli no electricity is passing from them. 

(3) The powerfully destiuctive effects of lightning 
are seen from our experiments to be due to the 
electricity bursting through a bad conductor, such 
as stone, wood, bricks, or even the human body. We 
never see any of these effects when electricity is 
passed through a good conductor like a metal chain, 
if it is of sufficient size. 

(4) The cause of lightning varying in form, being 
sometimes a zig-zag line and sometimes forked, is 
8upi)oaed to be due to the intensity of the charge 
driving as it were the air before it, and consequently 
condensing it more or less ; and the lightning seeks 
out the path of least resistance. At any rate, we 
can imitate these forms with our battery, and find 
that as the length and intensity of the spark vaiies, 
its form also varies. 

It lias been shown, however, by some very cleverly 
executed photographs of the electric spark, that when 
every trace of floating particles is removed from the 
air, the spark is always straight, so that the different 
foims of lightning may be due to the electricity 
darting from particle to particle that floats in the 
air. The globular form is not well understood, but 
we know that the greater or less density of the air, 
and the charge, exercise much influence on the 
form and also on the colour of the spark. 

(5) We observed that when a flash passed frem 
the thunder-cloud to the earth there was a return 
flash at some distance, which might be traced all 
through the cloud. To explain this, we must re- 
member that when a flash takes place the action 
is not confined to the precise j^t where it occurs. 
The whole thunder-cloud, the air between it and 
the earth, as well as the earth itself, are in a 
condition of strain ; the positive electricity of the 
cloud is holding a like quantity or equivalent of 
negative on the surface of the earth near it, and 
every object on that surface is more or less under 
this strain. When the spark passes, this strain is 
relieved for the moment, and there is a general rush 
back, so to speak, of the electricities to Iheir natural 
condition ; and this rush back is of sufficient inten- 
sity to cause a second flash at a distance, besides 
sometimes causing a severe shock to men or animals 


subject to its influence. We may form, perhaps, 
a more definite idea of this state of strain by 
considering the following mechanical arrangement. 
Let us take a tubular glass ring. One side of vdiich 
is of less diameter than the other, as in Fig. 7 ; fill 
its under part (m) 
with mercury, and the 
upi)er (w) with water, 
and let the surfaces 
where the water and 
mercury meet be 
represented by the 
linos p and p^. If wo 
now by means of a 
}>iston at p press down 
the level of the mer- 
cury to P„ the whole 
body of the mercury 
will be moved, and it will rise on the other side 
from Pj to Pa, but its movement will he greatest 
where the tube is narrowest, and least where it 
is widest In this j)osition, the mercury will be 
in a position of strain maintained by the pressure 
of the piston ; on removing the piston there will l)e 
an immediate rciturn to its first position, and the 
whole body of the mercury and water will paifake 
of the movement in proportion to the diameter of 
the tube at each part. Now this represents the 
state of matters before a flash of lightning passes 
between the cloud and earth. The narrowest part 
of the tube represents the point wliere the electric 
intensity is gi’eatest, and the widest part where it 
is least. The jmssing of the spark represents the 
withdrawing of the piston, and the return move- 
ment of the mercury and water the recombining of 
the electricities into their natural state, causing 
shock or spark varying in intensity. 

During our thunder-storm, we noticed that build- 
ings having a rod of metal descending from their 
highest point into the earth, called “ lightning-con- 
ductors,” were not injured by the storm. Can we 
explain the reason of this ? We have seen by our 
experiments that electricity passes away from a con- 
ductor if it is connected by a metal chain with the 
earth, but not if it is connected by glass. Let us 
now work our machine (Fig. 4) till we get a spark 
when we bring our finger near it. If we now take 
a metal rod in our hand, and hold it close to our 
finger, so that its end coincides with the point of 
the finger, and bring both near the prime conductor 
of our machine, we shall find we cannot now get 
a spark to touch the finger ; it will invariably pass 
to the metal rod, and if the rod be long enough to 
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reach the grcmnd, the electricity will not pass through 
our body at all, but pass straight to the earth by the 
metal rod. If, however, instead of a metal rod we 
take a glass one, and use it in the same way, the 
result will be veiy different. Now we shall not be 
able to get a spark to touch the glass at all ; it will 


its passage. This is the whole principle of lightning- 
conductors. W e express it ’ >y saying that electricity 
always passes by the bAt conductors. To act efii- 
ciently, however, the lightning-conductor should be 
sharply pointed, as it then draws off electricity 
so rapidly from the clouds that the intensity can 



Fisr. S.-^Auaoo'b Pasaorcli b 


invariably strike the finger, and pass through our 
body to the ground. If, thei'efore, we have a metal 
rod standing fixed in the ground beside us during a 
thunder-storm, a fiash of lightning coming would, 
like the spark from the conductor, pick out the 
metal rod and pass by it harmlessly to the ground, 
leaving us untouched. On the other hand, were a 
glass rod beside us, the lightning would leave tho 
glass rod untouched, and pass through our bodies 
to the ground, most likely depriving us of life in 


never rise sufficiently to ciuiso a spai'k or flash. 
It is found by experience that a rod erected in this 
way protects a space all round it equal to twice its 
height. Thus a rod 50 feet high protects a space 
of 100 feet on every side of it. From the knowledge 
of the principles of lightning-conductoi’s, we may 
know the positions of safety. The French paragrtles 
are also other forms of lightning-rods. They are 
small conductors, set up by means of ix)le8 in tlie 
vineyards in France, to draw off the electiicity from 
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the atmosphere over them, and thus prevent the 
accumulations which, when they occurred, were 
found to generate hailstorms. Arago proposed that 
these conductors should be raised and supported 
by small batteries, connected by means of slender 
wires or chains with the ground. This plan, like 
some other ingenious applications of electricity, 
was found to act perfectly well in theory, but 
proved impracticable, owing to the great expense 
of setting up and maintaining such a system over 
any great extent of country. 

Cases have been known in which a gold pin in a 
girl’s hair has l)een fused by lightning, or a biticelet 
melted off a lady’s wiist, withoxit the wearera suffer- 
ing any actual injury. Sportsmen, owing to the 
iron of their weapons, are apt to be struck by 
lightning. Hence, some ]jhilosopher — half in jest, 
half in eaniest — has proposed that a portable light- 
ning-rod in connection with an umbrella should be 
})rovided for ]>eo 2 ^ 1 e liable to be caught in thunder- 
storms. Such a pnraphiiey if the ferrule were pro- 
vided with a pointed metallic rod projecting into 
the air, and connected with a detachable chain or 
wire to drag on the ground behind, could bring the 
bearer and his paraidiemalia of destruction safely 
through the electric tempest, even though the light- 
ning should playall ai*ound him. We must keep away 
from the neighbourhood of bad or non-conductors, 
and near to good ones, if they are connected with 
the ground. A man clad in the steel armour of 
the Middle Ages would be almost perfectly safe, 
especially if he had steel points on his boots to 
stick into the ground, as he would have a capital 
conductor all round him. For the same reason, 
a man in an ii*on bed will be safe, especially if the 


bed be oonnected by metiil to the to «• to 

niftke complete oontect with the eerth* 
near a high body like a tree is daagerooa. heoaiiM 
electricity always rushes to tiie highest pomte ; sad 
unless the body is a better oonduetsor than a man 
or woman, the electricity will strike oat towaids 
the man or woman. 

We have lastly to notice the thunder. It is, 
of course, just the snap we hear from our electric 
machine greatly intensified, and is no doubt caused 
by the violent commotion in the air by the rush of 
electricity through it. As light travels enormously 
faster than sound, we see tlie flash before we hear 
the sound, the interval depending on the distance 
of the lightning. As sound travels in air about 
1,120 feet in a second, we can always know the 
distance in feet by counting the number of seconds 
that elai^se between the flash and the thunder, and 
multiplying by 1 , 1 20. The various kinds of thunder 
are sajiiwsed to lie caused by tlu* varying distances 
from which the sound comes. 

Hitherto we have made no attempt to explain 
the nature of this wonderful agent electricity. We 
have rigorously confined o\ir attention to facts, and 
the plainest inferences from them. The reason 
of our doing so is just this : we are in absolute 
ignorance of what electricity really is. Some sup- 
pose it to be a fluid, and others a mixture of two 
fluids, and it may be neither. Until, therefore, 
sometliing more definite is known, it is better for 
us to refrain altogether from theory, and to be 
very careful to avoid the use of expressions which 
are apt to mislead, and which may impart not 
knowledge, but fancies, whicli have to be unlearnt 
again as science advances. 


THE CHEMISTRY OP A PLAIN BREAKFAST. 

By PEOPEBsoa F. R. Eaton Lowe. 


HILE we are sitting down to breakfast, with 
no more luxurious accompaniment to our 
bread and butter than a cup of coffee and an egg or 
two, we may profitably throw aside for once the 
morning paper, and endeavour to collect a few 
facts respecting the nature of what we are consum- 
ing, and what part it is likely to play when it is 
consumed. It is much to be regretted that, in 
these days of scientific research, when scientific 
men meet with more appreciative audiences than 
ever, and scientific books enjoy a wider circulation — 


when science, in short, is, to speak colloquially, 
“ looking up ” — ^there is as much general ignorance 
respecting the constituents of food and the compo- 
sition of the human body, which has to be built up 
and kept in repair through the instnimentaliiy of 
that fo^, as there was fifty years ago. We still 
select our food, as we have done time out of 
memory, from oonsideiutions of taste, without any 
reference to its nutritive value; and a dish that 
does not contain a grain of albumen or other flesh- 
forming material, is eaten with as much avidity^ 
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fv0fid%A it piaaso the palatei a« if its oompogition 
admirablj fitted it to enable the body to perform 
its Amotions with unimpaired vigour and regularity. 

There is no doubt that a goodly proportion of the 
thousand ills that fiesh is heir to ” might success- 
fully be guarded against by a wider dispendou 
amongst us of physiological Imowledge, and a moi'e 
general acquaintance with the chemistry of the 
h uma n body so fSeur as it relates to the appropiiatiou 
and assimilation of food. How is it that the 
average duration of life is little more than half the 
orthodox tlireescore years and ten 1 Look around, 
and mark the general neglect of sanitary laws, and 
the answer is plain. Impure air, intemperance, 
and dissipation produce a long catalogue of dis- 
ordei*s; but errors in diet ai'e as effectual in 
shortening life as any of these causes, and ai-e, 
pei'haps, of more common occurrence. Intemper- 
ance and dissipation are not gentlemanly vices, but 
eiTors in diet ai*e highly resjKKJtable, and sanctione<i 
by the usages of the most fashionable society. 
Rich soups, highly -seasoned dishes, and hot condi- 
ments are swallowed in defiance of the simplest 
dieti^ic laws, wliile the i)oor stomach, constructed 
for Hiiui)le fare in modemte quantities, is distended 
with a huge conglomerate of fish, fowl, flesh, and 
imstry which the gastric juice cannot permeate, and 
the digestion of which can only be eflected by a 
disastrous exj)enditure of vital force. In youth and 
early manhood the elasticity of our constitution is 
such that a considerable amount of abuse can be 
borne without much apparent injury or loss of tone ; 
but sooner or later there will come a revolution : 
the ill-used organs will rebel, and tenible will be 
the revenge they will take for the long-continued 
slavery and hardship to which they have been 
subjected. 

Very little reasoning is required to show that 
there ought to be a close ^emical relationship 
between the food eaten and the tissues which it is 
designed to build up. Every moment of oxw lives, 
disintegration, or the breaking up of minute frag- 
ments of the tissues, is taking place. Every organ, 
every vessel, and every muscle is perpetually losing 
part of its substance by the exercise of its own 
function. Even the brain is worn by every act of 
thought ; and the effete or worn-out particles ai^e 
carried away by the lungs, the skin, and the seci'e- 
tions. In order that renovation may go on side by 
side with disintegration, we eat, and unless our food 
be of the proper description, and in proper quantity, 
the rate of wasting will be more rapid than that of 
repair, and emaciation will I'esult. In our article 


on ^^Milk*’ (p. 138) it was stated that food might 
be divided into two oiaases-— flesh-former's and 
heatrgivers, the former being nitrogenous, and the 
latter containing excess of carbon and hydrogen. 
We here give the proximate principles oompiised 
in these two classes, in the form of a table : — 

/ Starch fAmylose). 

1. Heat-given , . J Sugar (SucroBe). 

( Oleaginous substances (fat, oil). 

/ Albumen. 

2. Flesh-formers . J Fibrin, 

( Casein. 

The heat-givers are respiratory — ^that is, they pro- 
mote the fimction of respiration by their excess of 
car-bon. This element combines with the oxygen of 
the air in the lung-cells, and in so doing gives out 
that heat which preserves the temperature of the 
body at 98° in all latitudes. We proceed to speak 
of each of the above organic elements in detail. 

And first let us say something of starch. The 
imjK>rtance of this vegetable principle will be under- 
stood from the fact that it enters more largely than 
any other into the eomj)osition of the food of all 
races. Those who make bread wliat it ought to be, 
and what it was designed by nature to be — that is, 
the real staff of life — take more starch than any 
other organic vegetable compound. It forms tliree- 
fourtlis of the weight of fine wheaten flour, and 
exists in still greater abundance in sago, arrowroot, 
tapioca, semolina, and cassava. Cereals seem to 
have been selected by man from the beginning of 
his history as his chief source of nourisliment. All 
over the world, even amongst the most barbai'ous 
nations of Africa, we find grain of some kind cul- 
tivated for the purpose of bread-making. From the 
region of lye and barley, extending to 70° iiorih 
latitude, down to tliat of rice and maize within the 
toiTid zone, we find the cereal grains instinctively 
regarded as constituting the gi'eat life-sustainev of 
the masses j while meat is simply an auxiliaiy, and 
in most countries a luxury obtainable only by the 
rich. The bulk of this important aiticle of diet, 
tlien, is starch ; an element which is etiually pro- 
minent in seeds and fruits generally, as peas, beans, 
1 iits of all kinds, apples, pears, and esi>ecially in 
tliose fruits, such as cassava, banana, and bread- 
fruit, which take the place of wheaten bread in 
countries of which they are natives. As starch is 
placed in the same sub-division of food consti- 
tuents as fat, it must exert a similar physiological 
action. 

Starch is not a flesh-former, and therefore the 
reader may be disposed to infer that the value 
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placed inK)n grain, wliich contains so mncL of it, is 
ratber theoretical than substantial. It h<i8 already 
been stated that wo require something besides the 
mei’e muscle-building elements to sustain all our 
functions ; and it must be further laid down, that 


astonisli an exquisite, who has simply heard of the 
staff of life,” but does not altogether see the logic 
of the phrase. 

Tlie amount of starch found in various vegetable 
aiiicles of food varies from 2 J oz. to the pound of 



Pijf 1 — Giauulos of Potato StorcU {MajuiJud ) 

bulk is another considemtiou of some importance in 
the selection of our food. The most nutiitiou.s 
substiinces in a highly concentrated form, and 
conserpientJy in small bulk, used as food for a 
lengthened iieriod, would fail to be attended with 
those beneficial results which might be anticipate<l 



r ig 3 —Granules of Maize Starch. (Maqnijied ) 


potatoes, to 12 oz. in the same amount of rice. 
Leaving out the potato, the nutritive value of these 
]>roducts may be taken in inverse ratio to the jiro 
portion of starch they contain. Thus, peas contain 
more flesh-forming material than barley, and barley 
more thai wlieat, while lice is the least nutritious 
v>f the cereals. The studious housewife who j>eriise& 
this article may say that she always looked upon 
rice puddings as very wholesome “things.” To 


Fig 4 —Granules of Starch. 
{Magnified.) 


Granules of Sago Starch* 
(Hoynt/Ud.) 


Fig. 2.— Granules of Wheat Starch. (Magnified.) 

from their chemical composition. To attempt to 
live altogether on extract of beef would be as 
hazardous as to endeavour to satisfy our thirst by 
taking our bevei’ages boiled down to one-tenth of 
their original volume. To satisfy his appetite, a 
Hindoo must devour several pounds of rice daily ; 
and an English fann-labourer will eat an amount 
of bi*ead with his cheese and onion that would 


which we can only reply that so they are ; but if 
you gave your children nothing but rice, they 
would require half a dozen such puddings a day, 
with a plentiful admixture of milk and egg% if 
you wished them to have straight limbs and strong 
frames. 

Pure starch may be obtained from flour by a very 
simple process. Tie up a table-spoonful of wheaten 
flour in a muslin bag, and repeatedly press it with 
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the fingers in a basin of water. The water will be 
rendered milky, owing to the separation of starch. 
Continue the process till a fresh portion of water is 
no longer rendered turbid, and after subsidence the 
water can be poured off, and the starch diied and 
preserved. After the experiment with the flour, a 
glutinous, adhesive substance will be found in the 
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in the formation of sugar. In some cases, nearly 
the whole of the starch ?s converted, as in the 
sugar-cane, the stalks \)f maize, manna from the 
ash, and in over-ripe grapes and dates ; while in 
liquorioe-root, beet-root, sweet i)Otato, the milk of 
the cocoa-nut, the milk of the cow-tree {Palo de 
vma), and many other vegetable products, enough 



Fig 5 —SUBTXBBANEAV BBANOHBS OB TUBBBS OF FOTATO. 


muslin bag. Ihis is gluten^ the real flesh-forming 
element which gives bread its true value. 

The conversion of starch into sugar is a process 
very extensively carried on by nature, both in the 
vegetable and animal kingdoms. In every ger- 
minating seed this chemical change is going on : 
evary ripening fruit is developing its sugar at the ex- 
pense of the starch ; and every sweet root, tuber, or 
esculent owes its excellence to the same transfoima- 
tion. The carrot, turnip, parsnip, and beet-root, 
when very young, present no symptom of sweetness, 
while immature fruits are intensely sour ; but as 
the sun's heat increases, those changes are set up 
in the ascending and descending sap which result 

85 


sugar is developed to give them a sweetish 
taste. 

Starch is insoluble in cold water, but dissolves in 
hot water, forming a gelatinous solution, by the 
breaking up of the little starch-granules, which, 
under the microscope, are seen to difier in size 
and shape according to the source whence they are 
derived. The micix>scope is the only means by 
which one species of starch can be distinguished 
from another; and thus becomes an important 
instrument in the hands of the analyst for the 
detection of food adulteration. The granules of 
potato-stai’ch are much larger than those of the 
cereal grains ( Figs. 1 — 4 ), and are elongated, 
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resembling somewhat a mussel-shell in outline. The 
tiunsformation of starch into sugar is a phenomenon 
equally common in tho animal kingdom. It takes 
place in our own bodies, whenever the process of 
digestion is proceeding. The metamorphosis is 
commenced by the saliva, and such is its energy, 
that sugar has been detected in starch that has 
been in contact with the saliva for fifteen seconds 
only. This fact furnishes a cogent reason for the 
due mastication of oui’ food. 

We next come to sugar. This su\)stance is so 
genei-ally distributed in nature, both in jdants and 
their fruits, and in the bodies of animals, that con- 
siderable im 2 )oi'tanco must be attachetl to it as an 
article of diet. It is found in the liver and muscles, 
in milk and other seci*etions, in the sa]) of trees, in 
flowers as nectar, in grain, and in every sj>ecies of 
edible fruit : in short, there is hardly a dish served 
up to tiible, whetluir derived from the animal or 
vegetable kingdom, that does not contain more or 
less of it naturally, though it may be in a dis- 
guised and unrecognisable form. Thei*e are several 
varieties of sugar, differing from one another in 
solubility, sweetness, aiul crystallisation, such as 
cane-sugar, gi*a 2 )e-sugar, fruit-sugar, milk-sugar, 
&c. The one which we are most familiar with is 
cane-sugar,* obtained principally from the steuis of 
the sugar-cane {Saccharum officbmrum)^ but fi*e 
quently piv])ared from the stalks of maize or Indian 
coim. One gallon of the juice of the former yields 
about one pound of sugar. The canes are crushed 
in a mill, and the juice boiled with lime, which 
causes the gum and other extra ik'ous niattcre to 
rise to the surface as a frothy scum, which is con- 
stantly removed till the liquor becomes clear. It 
is then boiled and concentrated in copjjer jmns, 
filtered through linen bags to separate ])ioccs of 
cane and woody fibre, and set aside to crystallise. 
The produce has a dark colour, and constitutes the 
raw or brown sugar of commerce. The uncrystallis- 
able portion drains away, and is known as molasses 
or treacle. White or refined sugar is made from 
the common raw sugai*, by boiling and filtering 
through bone-black or animal charcoal, which 
possesses remarkable decolorising pro|)erties. Bul- 
lock Vblood is then added, the albumen of which 
coagulates by heat, like the white of an egg. 
Duiing coagulation, it combines with tlie remaining 
impurities, which are then easily removed, on the 
same principle as that involved in certain clarifying 
operations often performed in the kitchen. The 

* 'Vyiiich in formula is written Ci 2 H 220 n— that is to say, it 
sontain^ 12 atoms of carbon, 22 of hydrogen, and 11 of oxygen. 


decolorisation being complete, and the liquor pe^ 
fectly pellucid, it is boiled down to the crystallising 
point ill “vacuum pans,*^ at a temperature of 150® 
instead of 230®, which would be necessary in open 
l>ans. By this means, cliarring and consequent 
discoloration, which often occurred under the old 
system, are prevented, and whiter and finer crystals 
are produced. It is allowed to crystallise in conical 
moulds, and a further jiortion of uncrystallisable 
synij) dmiiis through a hole in the apex. Tliis is 
sold by grocers as synij) treacle, or golden syrup. 

When allowed to evaporate spontaneously, sugar 
produces lai’go prismatic crystals, familiar to our 
young |)eo])le as sugai-candy ; and when tho syrup 
is saturated to excess, and cooled, it concretes into 
an amorphous mass equally familiar as barley-sugar. 
The amount of sugar contained in dififereut vege- 
tables varies from 2 i)er cent, in peas, 3 i)er cent, 
in turnips, C i)er cent, in canots, to 45 jier cent, in 
the beet root. 

As an article of diet, sugar holds a very import- 
ant place. Its universal distribution may be taken 
as 8t]*ong evidence of its utility ; and the ex- 
periments of physiologists, well as the instincts 
of mankind generally, point iv the fact that its 
action on the human system is as salutary as its 
taste is delightful. There seems to be a natiiml 
cmving, esj)ecially amongst children, for this 
substance, and this alone is an indication which is 
sufficiently significant. 

Dr. Edward Smith, from a series of elaborate 
expeiiments, found that sugar facilitated the 
function of resinratiou by increiising the exlialation 
of carbonic acid ; if this be true, |)ei*sons somewhat 
advanced in years may aclvantageously “ go shares ” 
in the brandy -balls and “bulls’-eyes’^ which afford so 
much solace to their grandchildren under the 
heaviest trials. 

But we must modify this statement by a word of 
warning. At those establishments where sweet- 
meats are sold, there is usually a disjday of colour 
as gorgeous as the i)riBmatic spectrum itself. But 
be not tempted thereby. Avoid those beautiful green 
drops, those gaudy yellow sticks, and those pretty 
red tablets, for thei-e is poison within. But, the 
reader may ask, “ Do you mean to tell us that thei’e 
is any danger in eating those familiar sweets? I 
never heard of such a thing!” Well, it is time you 
did, for if you regale yourself on “ Scheele's green ” 
(arsenite of copper), or “ chrome yellow ” (chromate 
of lead), or red lead (oxide of lead), or “ vermilion ” 
(mercuric sulphide), all of which have been detected 
in sweets, you must take the consequences^ which 
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will certainly not be trivial. Be faitldhil to your 
sugar-candy and barley-sugar, or acid drops, or any 
uncoloured confectionery not having the appearance 
and solidity of chalk or plaster of Paris — which is 
a very common source of adulteration — and no 
danger can accrue. 

Like all other innocuous substances, sugar may 
be abused — or, rather, we may abuse ourselves by 
the intemperate use of it. 

The fiction that pure sugar rots the teeth need 
not deter us frohi its use ; there are no grounds, 
chemical or physiological, for entertaining such a 
notion. Any kind of matter of an adhesive natui’e, 
if not washed off, will promote decay of the teeth, 
and therefore sugar, in this resi)ect, is no worse 
than pastry, puddings, or oleaginous foods. 

The other sugai*s need not occupy our attention 
long. Grape-sugar or glucose* is that found in 
grapes, dates, figs, and other fruits, and also in the 
blood, and white of eggs. It is commonly used by 
confect ionors, as it can bo prepared cheaply. 
Lactose is milk-sugar, and as it forms about 5 per 
cent, of milk, is largely prepared in Switzerland, 
Vol L, p. 139. 

Now let us turn to the oleaginous substance>s. 
Fat and oil arc compounds of considerable physio- 
logical interest and imi)ortance. ‘^All skin and 
lx)ne ” is a condition of things notoriously uncom- 
fortable', but such physical condition would speedily 
be brought about by eliminating from our diet 
every form of oleaginous matter. There are few 
])Rrt8 of the body in which fat ought not to be 
found, if nutrition has been properly effected. 
Besides layers of fat between the muscles — or flesh 
— and the different internal organs, and the super- 
ficial layere, which by their excess give rise to 
corpulence, there should be fat in the substance of 
the muscles themselves ; it is present in the brain, 
it lubricates the joints, exudes through the pores of 
the skin in the form of ])erspiration from the oil- 
glands beneath, and finally, it can bo expressed 
from the liver, heart, and other organs of the 
body. 

It is no less common in the vegetable world. In 
the solid or liquid fonn it is found in nearly all seeds 
and fruits. The value of these fatty substances 
as heat-givers is pmctically and instinctively tested 
by the inhabitants of all cold countries, whose 
coasts the Great Whale and other animals of the 
order Cetacea seem to haunt in such abundance as 
if for the special purj>ose of suppljring the necessary 
oleaginous aliment. 

^ Chemically, CsHuOo. 


A Greenlander would regard a meal of whale- 
blubber as a dainty feast, rnd a quarter of a seal as 
only a sufficiency; while a Russian of the northern 
provinces can manage to dispose of ten and twelve 
pounds of fish or meat daily, without any un- 
comfortable strain on his digestive organs. This is 
intelligible only on the chemical theory already 
explained. In Arctic countries, we must remember 
that the temi)erature is often as low os 40® below 
the zero of Fahrenheit, while that of the human 
body must be maintained at 98". This gives xis a 
range of 138®, and the necessity for increasing the 
activity of the respiratory function at once becomes 
apparent. This is effected by an increased con 
sumption of carbon, which, by its union with 
oxygen within the body, causes the evolution of 
heat Now, in 100 lb. of fat there are 77 lb. of 
carbon, so that the Greenlander’s iKuclmni for 
blublx*r is not the result of gluttony, but instinct. 
Still, there are luxuries which even an Eskimo 
can appreciate. A tallow candle, for instance, is a 
delicacy which does not often come in his way ; 
but it is well known to Arctic navigators that the 
sliip’s stock of ‘‘dips” often mysteriously disappears 
when the Hyperboi'eans are permitted on board. 

Fats are composed principally of two elements, 
atearine and oUnie, the former being most abund- 
ant in solid fats, and the latter in oils. If 
mutton suet is pressed l>etween several folds of 
blotting-paper, the oleine is ab8orl)ed, and the 
stearine remains as a white mass, harder and more 
translucent than the original suet. A }>ouud of 
mutton suet contains about three-quartere of a 
pound of stearine, while the same weight of olive 
oil contains but one quarter of a ]>OTmd. 

A few words are now due to Albumen, This is 
the most important of the flesh-forming elements, 
and is that part of our food upon which nutrition 
mainly dejjends; for take away the albumen and 
the gluten^ which is probably the same substance 
in another form, and starvation must speedily 
follow, no matter how libemlly we may paitake of 
starch, sugar, and fat. Albumen is found in 
almost every fluid of the l>ody except the bile. It 
is an essential part of the blood, and an inqxortant 
constituent of the brain, the spinal cord, and all 
the nerves emanating from it. It is present in the 
humours and crystalline lens of the eye ; in the 
glands or secreting organs, as the liver and kidneys ; 
in the ayuacia, which lubricates the joints and 
hinges of the machine, kc. In the white of egg 
we have albumen in a tolerably pure state, and we 
are all familiar with the preperty which that viscid 
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fluid has of coagulation, or of becoming solid by 
the application of heat, when it loses its trans- 
parency and becomes opaque and yellowish-white. 
The value of albumen in a dietetic j)oint of view 
will be fully appreciated when we call to mind the 
extiuordinary inetamor|)hosis it undeigoes in the 
hatching of an egg. From the albumen alone the 
whole bird, step by step, is built up and developed. 
The bones in their gelatinous state, the muscles, 
the blood, the feathers, beak, and claws are all 
produced at the expense of the albumen by the 
action of some hidden and marvellous vital force 
u|K>n its chemical elements. An egg, then, is a 
highly desirable accompaniment to our breakfast. 
If you can eat two, by all means have them ; you 
will thereby secure more available nutriment than 
can be derived from seven or eight ounces of cooked 
meat. Take care that they are fresh, or not more 
than twelve days old in cold weather, and that 
they are boiled for throe and a half or four minutes 
only. Albumen is composed of the four elements, 
carbon, oxygen, hydrogen, and nitrogen, in addition 
to two per cent, of sulphur. When we use a silver 
spoon, it is blackened ; this is owing to the forma- 
tion of silver sulphide, or the chemical imion of 
the sulphur of the egg with the silver of the 
sj)oon. 

Fibrin is the nutritive element in meat and fish, 
and resembles albumen in com|>osition. As wo 
have not so much as a nisher of bacon for our 
breakfast, we shall not dwell upon this substance, 
but go on to speak of an iinjjoi'tant modification of 
it called gluten, to which seeds and gi*ains owe 
their nutritive value. It is the substjuice left in 
the muslin bag in the experiment for the separar 
tion of starch already descril)ed. It is viscid and 
tenacious, resembling glue, and cannot be long kept 
without undergoing decomposition. The claim of 
bi'ead to be considered the stati’ of life ” dejHjnds 
upon the presence of gluten ; and the comparative 
nutritive power of the cereals may be best estimated 
by ascertaining the relative proportions taken up 
by this substance. It varies in different bread- 
stuffs from 2 2 oz. per pound in oats to a (juarter 
of an ounce in a pound of potatoes. 

Cctsein is the flesh-forming element in cheese, 
which, as we are neither Essex fjEirmers nor Dutch 
Boers, does not appear on our breakfast-table ; we 
therefore leave it out of consideration for the 
present, and come to 

Bread , — ^The method of making bread is too well 
known to require desenption ; but it is not so 
generally known that the action of the ferment 


known as yeast is to transform a portion of the 
starch into sugar, and ultimately into carbonic-acid 
gas and water, with a trace of alcohol. The baker, 
however, does not care about the alcohol, or the 
water, or the sugar ; his sole object is to secure the 
services of the carbonic-acid gas (carbonic dioxide), 
which, in endeavouring to escape from the heated 
mass, distends it, and imparts to it that spongy 
chai'acter without which bread would be unfit for 
daily use. Without the employment of this gas to 
give the necessary j)orosity, the loaves would be 
turned out in the condition of pudding. Something 
approaching tliis condition is seen in bread that is 
“slack-baked,’' which is heavy, either from too 
much water having been used in the mixing, or 
from the employment of insuflicient yeast to de- 
velop the required volume of gas. Any method 
by which carbonic acid may be generated within 
the dough cmi be adoi)ted in bread-making. Thus, 
if we mix the flour with biciirbonate of soda, and 
knead it with water containing tartaric acid, de- 
compc.oition of the salt will take jdace. Carbonic 
jicid will be evolved, and tartmte of soda left in the 
bread. This method is often adopted in making 
buns and light cakes. A third method is that 
followed in making the now well-known aerated 
bix‘ad, mid which was fii’st suggested by Dr. 
Dauglish. By this method the flour is mixed 
with aerated water. Under pressure, water can bo 
made to absorb six or seven times its own volume 
of carbonic acid, the whole of which it gives off 
again on heating. The flour is well mixed with 
the chaiged water in a strong vessel by means of 
revolving levers, and then rapidly transferred to 
the baking-tins by ingenious machinery, so that all 
handling is rendered uimecessaiy. When the tins 
ai’e placed in the oven, the heat at once acts on the 
contained gas, wliich cscajies, and gives the required 
lightness and porosity to the loaves. Tliis method 
has many advantages. Tliere is no loss of starch, 
there are no products of decomposition left in the 
bread, and the fingers (not to say feet) of the 
workmen are kept clear of the sponge. It has 
also the meiit of expedition, the whole process 
occupying but half an hour. It is not likely, how- 
ever, to supersede fermented bread altogether, as 
its taste is less sweet, and it rapidly becomes dry 
and hard. 

The brown crust on the upj>er surface of the 
loaves is an effect of the heat radiated from the 
roof of the oven. It is viscid or gummy, especially 
if it has been moistened with water while hot, 
because starch is converted into a kind of gum 
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by roastang. Those with whom brown bread 
agrees should use it in preference, as the bran with 
which the flour is mixed is rich in gluten, chiefly 
found on the outside of the grain, or in that por- 
tion which the miller removes by his grindstone ; 
in very white oread, on the other hand, the flour 
by repeated sifting has been deprived of much 
nutritive matter, and the proportion of starch 
consequently becomes excessive. Tho jK)pular pre- 
j> 088 es 8 ion in favour of very white bread oflers an 
incentive to bakers to adulterate their flour with 
alum, the alumina of which combines with the 
phosphoric acid of tlie partially decomposed gluten, 
and forms aluminium phosphate. Alum is an 
astringent, and therefore cannot bo taken in an 
article that wo are using eveiy day, such as^broAfl, 
without giving rise ultimately to injurious con- 
sequences. The bitter taste that it imparts to 
broad, wdien employed in large (|uautities, is sufli- 
ciently indicative of its presence and is easily 
noticed. It may also be <letected by tho logwood 
test. Infusion of logw'ood assumes a purple hue in 
presence of alum. 

Lastly, never eat new bread. Let it be kept 
twenty- four houi^s, covered up in a cool place, before 
it is lu’ought to table. The general adoption of this 
precept would put an end to tlio hot French roll 
business ; but man was not made for the baker 
alone. Bread brings us to 

Butter , — Butter is a fat, and tlierefore its 
chemistry and physiological effects are the same 
(is tliost* of oily substances generally. As breatl is 
deficient in fat, the use of butter as an accompani- 
ment to our slice of bread is thoroughly rational. 
To be beneficial, it must be pure. There is probably 
more bad butter in tho market than bad bread. 
Tho cheap sorts arc often adulterated witli lard, or 
even tallow derived from tho most inferior kinds 
of mutton fat ; while the suspicious whiteness of 
tlie mixture is covered by annottoy a colouring 
matter derived from the pulpy seeds of Bixa 
orellaiuiy of Central and South America, and often 
useti to heighten the colour of Cheshire cheese. The 
execrable compound of butter and tallow sold at a 
shilling, or even as low as tenpence a pound, need 
not deceive anybody who possesses the sense of 
taste in its integrity. There is simply no taste of 
butter in it, but a flavour so vile, that it is difficult 
to understand how any ]>erson can be induc*ed to 
buy it. A more innocent source of adulteration is 
water, which is added to increase the weight. Six 
or seven per cent, of water is the natoal propor- 
tion of this element in butter, but as much as 18 


per cent, is often to be found, and can be removed 
by pressure. On weighing, the loss can be readily 
ascertained. Our conslituiions do not suffer much 
by this method of adulteration ; but it is certainly 
not pleasant to be made to pay eighteenpence a 
|X)und for what we can get out of the tap for 
nothing. Finally, we come to consider the science 
of the 

Coffee, which we have already made the gastro- 
nomic acquaintance of. The coffee-shrub {Coffma 
Arahica) (Fig. 6) is a native of Abyssinia, the 



Fig. 6.— Branch of th© Co£f©e-tr©e. 


name being a comiption of Caffa, one of tbe pro^ 
vinces of that country. From Abyssinia the plant 
was introduced into Arabia by tho Arabs, and 
thence spreivd all over the world. The fruit re- 
sembles a cheny, and is at first red, but ultimately 
turns black. It contains two seeds, having theii* flat 
sides in contact, and suiTOunded by a tough integu- 
ment or skin. The pulp is removed by maceration 
in water, and the seeds with their covering attached 
are then dried. The integument is removed by the 
action of rollers, so arranged as not to crush the 
seeds. The quality of tho berries depends in a great 
measure on tho geograi)hical situation of the plan- 
tations. Those situated on hilly districts yield a 
finer proiinct than those in the plains below. 
There is a difference in tho ooloui* of the beans 
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brought from Mocha, Bourbon, and Ceylon. The 
first have a greenish-yellow tinge, the second pale 
yellow, and the last a deeper yellow. Much of 
the flavour of cofl*ee <iepend8 upon the roasting, 
which is therefore a process of considerable imj>ort- 
ance. If over-roasted, the aroma is destroyed, so 

that beans having a 
black or charred a|>- 
pearance ought to be 
rejected. The roast- 
ing is conducted in 
a cylinder, made to 
revolve slowly, so 
that the contents are 
uniformly heated. 
The proverbial ex- 
cellence of Fi'ench 
coffee is probably 
due to the care and 
judgment brought 
to bear upon the 
roasting, rather than 
to any peculiar 
method of preparing 
the beverage. The 
active principle 
which gives coffee 
its most characteristic property is a poisonous 
alkaloid called caffeim. It can he obtained in 



Fig 7 —The Chicory Plant in Flower. 



Fig. 8 —Isolated Floret of Chlcoiy. 


beautiful silky crystals, and, strange to say, is 
identical with the f/i^tne of tea, in which, however, 
thei*e is one |>er cent, more of the alkaloid than 
in coffee. On this account tea exerts a more 


prejudicial influence on the nervous system than 
coffee; on the other hand, coffee dries the skin, while 
tea moistens it by promoting evaporation. Coffee 
quickens the heart’s action, and checks sleep ; so 
that unless the reader happens to be a student 
cramming for the “ little go *’ by the midnight lamp, 
or a newspaper editor, whose “ copy ” is yet in his 
brain, or a i>oliceman on night duty, he should not 
indulge in a strong decoction of coffee for supper. 
The practice of taking tea and coffee at high tem- 
perature is itself injurious, indej^endently of the 
eflects arising from the cafleine. It weakens the 
tone of the stomach by impaiiing its elasticity 
and contractility. Coffee should be used freshly 
ground, because the powder not only loses its 
aroma by keeping, but, like bone-black, absorbs 
many times Its own bulk of gaseous matters or 
vapours which may happen to be floating within 
reach. 

Coffee is most commonly adulterated with chicort/ 
(Cic)ioriu7ii Intyhu8)y a plant resembling a dandelion, 
but with blue instead of yellow flowers (Figs. 7 — 8), 
and largely cultivated througliout Oentml Eiirope. 
The root is ground and roasted, and is then almost 
undistinguishable from ground coffee, to which, 
however, in cliemical properties, it is totally dis- 
similar. The aroma of coflee is altogether want- 
ing ; it contains no caffeine or tannic acid, and is 
mainly starch, gluten, and woody fibre or cellulose. 
Mixed with coffee, it darkens the colour of the 
beverage ; and its use is further justified by many 
peraons on the ground that it gives *‘body’^ to the 
infusion. What is meant by this “body’* is not 
particularly clear, unless it means a coarse and 
acrid flavour which disguises the natural bouquet 
of the coffee. To speak of the improvement of 
coffee by chicory is to use a figure of speech analo- 
gous to the hypothetical improvement of the lily by 
a coat of paint. Physiologically, chicory is more' 
harmless than coffee, and its use is attended with 
less cerebral and nervous disturbance ; but that is 
no reason why we should submit to have an article 
of such inferior value palmed off upon us as 
genuine Mocha. 

But we i)erceive that our coffee-pot is empty, and 
the stock of bread and butter exhausted : our 
simple breakfast is therefore at an end. 
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SOMETHING ABOUT GASES. 

By T. C. Hbpwohth. 


M atter is presented to us in three different 
forms — solid, liquid, and gaseous. The 
ancient philosophei*s argued therefrom that there 
were in the universe but foui’ simple bodies or 
elements — earth representing the solid, water the 
liquid, and air and iire the gaseous. Of these four 
elements they imagined every substance to be con- 
stituted. Matter, su{)posed to be only of one kind, 
was in some way governed by these elementary 
bodies, and in conseqiience api)eared under dif- 
ferent aH])ects ; it seemed, therefore, no imix)ssible 
task to our forefathers to change the natuie of one 
substance into tliat of another, and many lives and 
fortunes were spent in the vain endeavour to find 
out that ‘‘ philosophei’s stone ” which was to trans- 
mute the baser metiils into the coveted gold. 

But the labours of these dreamers were not 
altogctlier wasted, for tlie old alchemists, in their 
search after the iin])Ossible, in theii* trials of every 
mixtui’e an<l coinimiation which they could think 
of, could hardly fail to make accidental but useful 
discoveries. In this way the action of many of 
our most im]>oi’tant chemical agents was revealed 
long Ijefore knowledge was rii>e enough to make 
use* of them, or even to grasp theii* signification. 

The four reputtjd elements have long been rele- 
gated to their proi)er places in nature : air and 
water bedng compound bodies, while eai*th com- 
prises every element as yet known — to the number 
of about sixty-five. The remaining pseudo-ele- 
ment was fire, which we now recognise merely as 
a chemical process. 

It is not difficult to see how such notions gained 
currency, for it is only in comi)aratively recent 
times that proof by direct experiment has l»een 
considered necessaiy before a doctrine is enunciated. 
In past centuries a kind of happy-go-lucky system 
prevailed which first imagined a theory, and then 
strained things to accommodate themselves to it. 
We now go to work in a different way altogether, 
for we first study the properties of bodies, and the 
theory as to their existence in nature is based on 
the knowledge thus acquired. 

The most common example of the three forms 
of matter is water, which under different degrees of 
temperature is either solid, liquid, or gaseous. In a 
previous article, on “Ice, Water, and Steam, (p. 28), 
we have learned many interesting things about the 


behaviour of water under these different condi- 
tions ; but in the present paper we intend to look 
ujion it more in its relation to chemistry. We 
have already seen that it was long considered to 
be an element. What more natuml than that such 
an idea should prevail^ A univeiml agent seen 
under all kinds of different aspects — in its beauty, 
as tlie glittering dewdrop, or the welcome summer 
shower; or in its forms of terror, as the fiood, 
or the raging sea, — even in the present day the 
error is handed down to us in that stereotyped 
phrase, “ the Conflict of tlie Elements.” The word 
“ element ” has in point of fact two significations, 
— the one which clings to it from the misconcei>- 
tion of past times, and the other which is its true 
definition, “ a simple substance.” 

The very foimdation of modem chemistiy rests 
upon the supposition that all substances are built 
up of a '^ast number of molecules (little masses) 
of matter. These molecules are far too minute to 
be detected by oui* sight, but they are nevertheless 
to be considered as actual particles. In solids these 
molecuh's are bound closely together by the force 
known as “ cohesion.” In liquids tlieir union is 
not so close, and they are free to move — the mass 
of liquid being able to adapt itself to the form of 
the vessel in which it is placed. But in the gaseous 
state the molecules are more widely sepamted, and 
may be considered as so many different i)oints of 
matter having interstices between them. 

In order to make this part of our subject more 
clear, let us imagine that a solid is represented by 
a leaden bullet of a definite weight, and a licpiid 
by the same weight of metal in the form of dust- 
shot Now these shot, as they slide and tumble 
over one another as the vessel in which they are 
contained is inclined to the one side or th(' other, 
will give us a veiy fair idea of the action of the 
molecules of a liquid. To represent a gas, we 
must discharge tlie mass of dust-shot into sjmee, 
when of course their apparent volume is much 
increased, owing to the wide intervals which sepa- 
rate the individual particles of lead from one 
another ; but the aggregate mass of metal remains 
exactly the same as when it was in the solid state. 
Although this is necessarily a clumsy illustration 
of molecular phenomena, we hope that it will help 
to make clear to our readers the fact that a gas is 
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but matter in which the particles are more widely 
separated than they would be in either the liquid 
or solid form. 

It may l)e difficult to believe this theory of mole- 
cules. It would seem almost incredible that matter 
could ever be divided into portions too minute for 
our most perfect instruments to detect. But let 
us consider for a moment how, before the im- 
provements in our microscope, our ancestors might 
in the same manner have disdained to believe in 
small magnitudes. Blood, for instance, was sup- 
posed to bo a red fluid, coloured throughout — ^like 
a solution of cochineal. But we now know that 
it owes its colour to multitudes of bodies having 
definite size and shape, called corpuscles. Wo also 
know that a small drop of this blood will contain 
about thi’eo millions of these corpuscles. Again, 
the microscope teaches us that there exist animals 
which are so small that millions of them do not 
exceed in bulk the size of a grain of sand. We 
might quote many other instances of the minute 
di\isibility of matter, but we have already said 
enough to show that the molecular theory is in no 
way inconsistent because it deals with magnitudes 
too small for our conception Although these 



1,— lUttstrating th«j Decompositloii of Water by £lectricity. 

molecules are incapable of physical sub-division, 
they can chemically be split up into different atoms. 
We shall now endeavour to show how the mole- 
cule.s of water can be thus separated. 

The decomposition of water is effected by a cur- 
rent of electricity, and the operation is called 


electrolysis. Fig. 1 is a convenient form of 
apparatus for the purj>ose. It consists of a glass 
vessel, supported above which are two inverted test- 
tubes. Immediately beneath each of these tubes 
is a little strip of platinum-foil, which is connected 
with its binding-screw placed on the wooden stand 
of the instrument. When requii*ed for use, the 
body of the instrument and the test-tubes are 
filled with water, and the two binding-screws are 
connected by wires with a voltaic battery. Di- 
rectly the electric current passes, bubbles, which 
gradually accumulate to displace the*water in the 
tubes, are seen to rise from both the platinum ter- 
minals. By examining these tubes, and testing 
their contents, we shall soon be convinced that 
the invisible vaj>onr with which they have become 
partially filled, is quite unlike ordinary air. We 
shall further discover that the gas in one of the 
tubes is quite different in character to that which 
has collected in the other. On applying a lighted 
match to the first it will burn away quickly with 
a pale-blne flame. This is hydrogen. The other 
tube may be tested with the saine match after it 
has been extinguished, but whilst it still retains 
a smouldering spai’k. The match immediately 
bursts into flame, and burns with a much -increased 
brilliancy. This gas is that wonderful supporter 
of combustion known as oxygen. By this experi- 
ment we asceriain that water, instead of being, as 
was once thought, an element, is but a comjjound 
body, formed by the union of two elements — namely, 
Hydrogen and Oxygen. Their preparation by 
the electrolysis of water is, however, a very tardy 
operation, and quite out of the question w-hen 
we want large quantities of either gas for experi- 
ments. We will therefore give a few plain 
directions which will enable any one who has the 
wish, to prepare these and other gases without 
difficulty or expense. 

For the preparation of moat of the gases, the rough- 
est and most common ap])liance8 are sufficient. It is 
too much the fashion in text-books to give engravings 
of apparatus apparently so elaborate that the student 
is at once frightened from direct experiment, and is 
content with reading that such and such an effect 
is produced under certain conditions. He is thus 
prevented from trying simple experiments, which 
would cling to his memory long after those which 
he had only read of hod been forgotten. The most 
valuable discoveries have been arrived at with the 
very simplest apparatus, and the student who is 
content with a common Florence oil-dask for a 
retori, and a picklo-bottle for a gas-jar, is but 
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following the footsteps of those among us who 
have made great names. 

We shall first of all require a pneumatic trough. 
An ordinary disli-tub, or large pan, with a shelf 
fixed by some means a few inches above its bottom, 
will answer the purpose admirably. This vessel 
must contain sufficient water to just cover the shelf. 
We shall next wont some glass pickle-bottles, which 
we must fill with water, and invert over the shelf. 
This can very easily be managed by keeping the 





ing how to obtain Oxygen Gas. 


hand over the mouth of each bottle until its neck 
is submerged, when of course for want of air the 
water will bt; retained. Having now our pneumatic 
trough in position, and the bottles standing on the 
slielf ready to be filh'd with gas, wo will j)i*o- 
cecd to describe the oj)eration tliat is shown in 
Fig. 2. The Florenct' flask a (such fliioks can be 
obtained for n few pence, but must be thoroughly 
washed witli dilute acid l)eforo being used foi* the 
present purpose) contains tlie composition for making 
the gas i-equired. d is a gla.ss tula*, bent by means 
of a spirit-flame, so that its further end may dip 
under the water contained in the pneumatic trough 
towards the orifice of the inverted bottle b. Be- 
neath the flask — or, more properly, the retoi*t — is 
a gas-bunier, but a spirit-lamp will answer e%ery 
purpose. The gas is seen rising in bubbl(\s, and is 
quickly displacing the water contained in the bottle. 
The most convenient manner of obtaining oxygen 
is fi'om a mixture of equal j»arts of chlomte of 
|)otash and oxide of manganese. The mixtiu’e 
having been placed in the retort, tlie spirit-lamp 
must be cautiously and giadually brought under it, 
when the gas will soon pass over in groat abimd- 
ance. The first few bubbles wliich pass will consist 
of the air contained in the flask, and must be allowed 
to escape, after which the bottles may one after the 
other be filled with the gas, and put aside for ex- 
periment. The precaution of allowing the contained 
air of the retort to escape applies to all the gases ; 
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otherwise the mixture obtained would in many 
cases represent a highly explosive and dangerous 
compound. 

The phenomenon which we call combustion is 
caused by the union of certain bodies with the 
oxygen contained in the atmosphere. We shall, 
therefore, be pre})ared for finding that combustibles 
placed in undiluted oxygen, such as our pickle-jars 
contain, will bum with unusual energy. We have 
already seen that a match bearing the least trace of 
a spark will, when immersed in the gas, burst into 
flame. A small lump of charcoal supported on a 
wire and ignited in the spiiit-flame will, when 
dipped into one of the bottles, exhibit most beau- 
tiful scintillations until consumed. The charcoal 
in this instance combines with the oxygen to form 
carbonic-acid gas, wliich may bo retained in the 
bottle for fuither examination. A piece ot iron 
wii*e, or watch-spring, which has been tipped with 
suljdiur and inflamed, will also burn away with 
remarkable brilliancy (see Fig. 3). By filling a 
bladder or indiarubber bag with oxygen, and fitting 
to its neck a common blow-jiiiie, and directing by 
its aid a stream of the gas upon a rough nail, or 
any piece of iron held in the flame of the spirit- 
lamp, the metal will be rapidly consumed. If, 



Fig. 3.— Ulustrating Combustion. 


instead of the iron, we pioject the gas upon a 
cylinder of chalk, we shall produce the dazzling 
lime-light. Fig. 4 shows the arrangement for ob- 
taining this light experimentally; but when required 
for active service, a sj>ociai jet is employed, by which 
a mixed stream of hydrogen and oxygon is urged 
upon the lime. The heat obtained by this means 
is so great that platinum, the most refractory of 
the metals, is quickly reduced to the liquid con- 
dition. 
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Om* readeis have doubtless often heard the term 
ozone *' used in comparisons of the health-giving 
advantages of different searside resoi'ts. This ozone 



Fig. 4.— Expcnmtnt ior producing the Lime-Light. 

is an altered and condensed form of oxygen, and is 
commonly noticeable by its peculiar smell when an 
electrical machine is in use. It can be obtained 
with special apparatus for passing an electric cun-ent 
through a jar of oxygen, but it changes again to its 
old form when exposed to a red heat. Pai}er which 
has been impregnated with a mixture of starch and 
iodide of potas.siiim instantly becomes blue if it be 
submitted to a stream of ozone. This test (albeit 
a very rough one) has been suggested in estimating 
tdie relative amount of ozone contained in the air of 
diffei’ent localities. In towns the ozone is absent, 
being reduced to its parent oxygen >)y the vapours 
from our chimneys, and the general emanations 
which clog the lungs of thickly-jmpulated places. 
Ozone can be prepared by scraping a stick of phos- 
phorus under water, and placing it in a jar contain- 
ing a small quantity of the same fluid. After some 
hours tlie formation of ozone can be detected by its 
smell, and by the above-mentioned test. It possesses 
powerful antiseptic and bleaching properties. The 
latter may be utilised in the restomtion of any 
discoloured engraving. The picture, being loo.sely 
rolled, and placed in the jar with the phosphoius 
and water, will be gradually rendered perfectly 
clean. Oxygen was first discovei'ed by Priestley, 
in 1774. He obtained it by heating red oxide of 
mercury, the molecules of which split up into 
metallic mercury and oxygen. It is, perhaps, the 
most widely-diffused of all the elements. It forms 
one-fifth of our atmosphere, and about one-third of 
the solid crust of the earth, and, as we have already 
seen, it is one of the two constituents of water. 
Wo shall now proceed to consider the other gas 
obtained by the electrolysis of that fluid. 

Hydrogen, the lightest of all bodies, is, when 
pure, a tasteless, inodorous gas. It may be prepared 
for experiment in a variety of ways. A small frag- 
ment of the metal iiotassium will, on l>eing thrown 
Into water, burst into flame, the metal \uiitmg with 


the oxygen, and setting fi*ee the hydrogen. Sodium 
behaves in much the same way ; and if a small pieoe 
of the latter metal be dej)ressed beneath the water 
of the pneumatic trough, the gas can bo collected 
in a bottle. But the usual way of proi)aiing it for 
laboratory use is from zinc-clippings. These are 
placed in a strong vessel, for the heat evolved in 
the process is very great. An earflienware bottle is, 
jHjrhaps, the best for tlie purpose. The zinc is 
placed in the vessel, and covered with water ; after 
which a small quantity of oil of vitriol (sulphuric 
acid) is added, and the gas is mjiidly given off. 
The bottle should be fitted witli a cork, through 
which is passed a glass tube drawn to a fine jet, 
where the gas may be bunit ; or it may be 
collected over the trough in the usual way. The 
greatest caution must be used in dealing with this 
gas, for its mixture with air is highly explosive. 
For this reason, it should not be inflamed for 
some minutes after the acitl has been added to the 
zinc ; and, in the case of the pneumatic trough, the 
fii'st bottle filled sliould be allowed to escape. 

Tlie extreme lightness of liydrogcni may be de- 
monstrated by filling a bladder with the gas, and 
afterwards fitting to its neck a common tobacco-pi 2 )e. 
By this means soai>-biibbles may bo inflated, when 
they will rapidly rise to the ceiling. If a tumbler be 
held inverted over the hydrogen flame, the gas will 
combine with the oxygen of the atmosi^here, and 
the glass will speedily be covered with moisture. 
A mixture of hydrogen and oxygen, in the 2 )ro|K)r- 
tion of two volumes of the former to one of the 
latter, may be made to combine to form water. 
But as they do so with explosive force, tlie ojiem- 
tion must be conducted with great cia*e. A strong 
soda-water bottle containing the mixed gases must 
be>vrap 2 )ed in a cloth, U})ou its open mouth being 
presented to a flame, a loud rejxirt is heard, and if 
the bottle remains unbroken, a small (juantity of 
water in the form of dew will have collected on ita 
sides. 

The oxy-hydrogen blow-pipe, to which we have 
ali*eady briefly alluded, is capable by its intense 
heat of liquefying and volatilising all the metals, 
and even such substances os rock-ci^stal and clay. 
The mixture of the two gases forms such an 
exidosive compound that a particular form of 
burner is used, so constructed that they are 
not allowed to mix until they reach tlie place of 
ignition. Pig. 6 shows the principle of the jet 
commonly employed, h being the supply-pipe for the 
liydrogen, and o for the oxygen. The lower part 
of the figure exhibits the kind of furnace used for 
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the reauction of platinum. It consists of two fire- 
bricks hollowed out for the reception of the metal, 
with an orifice above for 
the introduction of the 
blow-pipe fiame. 

Hydrogen is present 
in all organic substances. 
Although it is presented 
to us as a compound 
with other matter, as in 
water, we have evidence 
through the wonderful 
revelations of the spec- 
troscoj)o that it exists in 
the atmosphere of the 
bun in a free state. 

Having now ex- 
amined separately the 
constituents of water, 
wo may proceed to 
imjuire into the natui’c 
of tlmt wonderful gas 
ct\lled nitrogen, which 



I itc 5.— Sliowmjf th© Oiy-Hytlro- 
gen Burner and Furnace lor 
reduction of Platinum, &<• 


forms four-fifths of the air which we breathe, the 
remaining fifth consisting of oxygen. We can best 
obtain the former gas by robbing a given amount 
of air of its oxygen, wlien nitrogen will remain. 
Phosphorus is a substance which has such an 
affinity for oxygen that it will combine with it veiy 
readily, leaving the nitrogen of the atmosphere in 



which it is burnt untouched. The experiment may 
be arranged as follows (see Fig. 6) : — ^A small piece 
of phosphorus carefully dried upon blotting-paper 
ta placed in a porcelain cup, supported on a stand 


in a dish of water. The phosphorus is ignited with 
a hot wire, and the whoh is quickly covered with 
an inverted glass jar.^ The jar should have pasted 
upon it a graduated paper scale, such as doctors 
attach to their physic-bottles, dividing it into 
five equal parts. It will be found that when the 
phosphoms is burning the water will rise in the jar 
exactly one-fifth, showing that that amount of air 
— really its oxygen — has disappeared, leaving the 
nitrogen for our examination. A lighted taper, on 
Ijeing placed within tlie jar, is immediately extin- 
guished, and the gas will not support animal life. 
But it caimot be considered poisonous in the sense 
that some of the gases are, for we know that we ai’e 
always breathing it. Although nitrogen in its free 
state is cpiite inert, it is in its combined forms quite 
as much associated with the phenomena of life as 
its yoke-fellow oxygen. It is the invariable consti- 
tuent of all organic substances, both animal and 
vegetable. The fonner gather it from the latter, to 
be again returned to the soil from which it origi- 
nally came. Nitrogen is also the active principle in 
all explosives, fix)m gunpowder to nitro-glycerine. 

The mixture of nitrogen and oxygen, upon which 
our lungs depend for their food, is simply mecha- 
nical, not chemical. A chemical combination is 
underst(x>d to liappon when two su})stances unite 
to form something perfectly new in character. Tliis, 
we liave already seen, cannot be the case with 
atmos]>heric air, and when we had eliminated the 
oxygen by means of phosphorus, the nitrogen 
remained uuaflected by the opei-ation. But the 



Fig 7 ->Experiinent for obtaining lAugbiug-OoH. 


same two gases can lie made to combine chemieailly 
when it will he found that the product is totally 
different from either. We must arrange the appara- 
tus as in Fig. 7. The fiask A contains a small portion 
of the white salt known as nitiate of ammonia, 
which is a combination of nitrogen, oxygen, and 
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hydrogen in certain proportions. When heat is 
applied, the hydit^n and part of the oxygen com- 
bine to form water, which is intercepted by the 
testrtnbe b. The remainder of the oxygen conibines 
with the nitrogen and passes off as gas to the pneu- 
matic trough. This is nitrous oxide, more com- 
monly known as laughing-gas. It is now largely 
used by dentists, and in minor surgical operations^ 
as a safe and convenient ansesthetic. We have 
here exhibited the singtilar phenomenon of two 
elements uniting nhecJhanicaUy to furnish us with 
the air we breathe, and combining chemically to 
produce an intoxicating gas which, unless used with 
discretion, is an actual poison. 

We need but briefly refer to cai'boiiic acid — that 
curious compound of carbon and oxygen uikui which 
plants feed, but which is so fatal to animal life — for 
it has already been fully discussed, and its })i*epara- 
tion described in another article.* Its most notice- 
able feature is its extreme heaviness, which may be 
well shown by half -filling an open basin with the 
gas, and causing a child’s indiarubber ball, or a 
soap-bubble, to rest u^wn its surface. To the 
uninitiated the ball seems to be suspendod in mid- 
air (see Fig. 8). 

An inflammable gas is often found issuing from 



Fig 8.— 'itxi>eruneut shuwuog Heavineas ot Carbonic Acid. 

the ground, more especially in the neighbourhood 
of stagnant water and decaying vegetable matter. 
L^ends as to ‘‘corpse-candles” and the fugitive 
“ Will-o’-the-Wisp” may all be set down to the 
credit of this compound, which is known by the 
characteristic name of “ mansh-gas.” 

We too often read of collieiy explosions, where 
in a moment hundreds of human beings are hurried 
into eternity, leaving perhaps treble that number 
who were dependent upon them to momn their 
loss. As a gi*eat deal of misconception exists as to 
the actual nature of these calamities, a few wordsf 
as to the character of the terrible gas which causes 
them will not be out of place. We must remember 
that the coal-formations are the result of vast accu- 
mulationB of decaying vegetable matter, which 
• See “ Fieth Air and Foul Air,” p. 217. 


under a tremendous pressure has been convertedi 
into th<‘ well-known black fuel. It is not surprising 
that quantities of marsh-gas, the product of the 
slow decomposition, should be pent up in every 
cavity existing in the coal-beds. In some seams 
tliis gas whistles out of the mineral directly the 
pick is applied to it. Among the miners this is 
known as “ singing coal.” “ Fire-damp,” a word 
which we have learnt to regard with so much dread, 
is merely another name for marsh-gas. On mixing 
with atmospheric air, its explosive qualities are 
even greater than the mixture of hydrogen and 
oxygen alirndy referred to. Moreover, in explod- 
ing, it leaves all the air in its > icinity quite unfit 
for respiration ; so that those who are not killed 
by th(' explosion of the fire-damp, succumb to the 
deadly effects of the “ after-damp,” which is simply 
carbonic acid. 

AJthough, as may be imagined, marsh-gas ia 
nearly allied to that which we obtain from the dis- 
tillation of coal, it is very unlike it in one important 
particular — ^for it is totally without odour. It 
therefore steals u|X)n the pour miner without the 
w'ell-known warning which fortunately accompanies 
an escape of gas in a dwelling-house. 

Tlie preparation of coal-gas may bo effected in 
miniature by means of a common “long clay*^ 
tobacco-pipe. The bowl must be nearly filled with 
coarsely-|)owdered coal, and must be sealed up with 
a cover of moist clay. When the clay has sufficiently 
diied, the bowl must be exposed to a red heat in an 
ordinary fire-grate. The gas, with a quantity of 
smoke, will soon be generated, and can be lighted 
at the mouthpiece of the pipe. The residue left in 
tlie now red-hot bowl of the pipe, is a lump of 
neai'ly pure carbon in the form of coke. 

In our gas-works, the crude gas, when conveyed 
from the retorts, has to undergo a purification by 
means of lime; but, unfortunately, it generally 
retains many constituents which do not add to its 
brilliancy, and which ai’e positively injurious to 
health. We cannot liere enter into a consideration 
of the various by-products of the gas manufacture ; 
but they are of a most interesting and important 
nature. The lovely aniline colours may be reckoned 
as not the least valuable. 

The gas which now claims our attention is, from 
its green colour, called chlorine. It is a most 
]>lentiful agent in nature; indeed, its \mion with 
the metal sodium results in that familiar compound 
common salt. In its pure state its inhalation 
would be followed by immediate suffocation, so that 
the greatest caution must be used in dealing with 
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it But, diluted with a large quantity of air, it 
smells of fresh sea- weed. There is no gas which, in 
the hands of the experimenter, exhibits more 
interesting and wonderful phenomena than chlorine, 
and the slight trouble and inconvenience which its 
preparation entails, is amply repaid by the I’esults 
gained. 

A tablo-spoonful of common salt (chloride of 
sodium) is mixeil with an equal weight of the black 
oxide of manganese, the latter being the same com- 
pound which we have already used for the pro- 
duction of oxygen. Half a tea-cupful of sulphuric 
acid is mixed in a sej^anite vessel with an equal 
quantity of water, and allowed to cool. The two 
mixtures ai’e then combined, jdaced in the retort, 
and heat is applied. The }>neumatic trough should 
be used with /iot water in the operation, as this gas 
is very soluble in cold. The first product of the 
mixture must not be allowed to escai)e into the 
room, for a severe fit of coughing on the part of 
the oiHTator would 1 )e the ine v itable I’esult. Besides, 
this diluted portion, if collected in a bottle, is quite 
serviceable for showing the bleaching action of the 
gas. 

A piece of glazed calico, blue or red pajier, 
natuml fiowers, or indeed any coloured material 
wliicli owes its hue to vegetable sources, is im- 
mediately whitened in this gas. They should first 
be moistened in water, as chlorine is almost power- 
less when dry. The prosi>erLty of Manchester and 
Glasgow is mainly due to the bleaching of cotton 
goods, which is caii ied on there by the help of 
chlorine, in the form of the well-known hleaching- 
powder,” commonly called “ chloride of lime.” The 
process consists in dipping the unbleached or “ grey 
calico ” into a solution of the lime, and then into a 
bath of water made sour with sulphuric acid. This 
is rei>eatcd, and a good washing in a running 
stream completes the operation. The fact that 
chlonoe does not bleach carbon or mineral colours, 
may be illustrated by dipping a printed card into 
common ink. When dry, this card can be submitted 
to the action of the gas, when the ink will soon 
disappeai’, leaving the printed matter untouched. 

A piece of Dutch-metal, or leaf-gold, placed in a 
jar of chlorine, will immediately take fire. Finely- 
divided antimony will cause the same result (see 
Fig. 9). HycL'ogen will also combine with chlorine, 
with the evolution of light and heat This may be 
shown by placing in the jar a piece of blotting-paper 
soaked in turpentine. The hydrogen of the turj)en- 
tine will unite with the chlorine, while its carbon 
will take the form of soot 


But a still more striking manner of causing the 
union of hydrogen and chlorine is to mix — in a 
darkened room — equal quantities of the two gases 



Fig. 9.— Showing powdered Antimony burning in Chloiine. 


ill a very small and thin glass flask. For safety, 
cover this flask with an ordinary wire dish-cover, and 
cx^iose the whole either to direct sunlight or to the 
rays of a piece of buming magnesium wii*e (see Fig. 
10). Tlie gases will combine with explosion, auci 
the glass in which they were placed will be shattered 
to pieces. 

The belief now generally entertained that hydro- 
gen is a metal, is strengthened by ils explosive 
union with chlorine, which resembles so much the 
behaviour of other metals under the same con- 
ditions. Chlorine, like carbonic acid, is muck 



heavier than air, so that the stoppers of the bottles 
containing it may be I’emoved for experiment with- 
out loss or inconvenience. It is one of the ele- 
mentary bodies, and was first discovered in 1774, 
by Scbeele. 

Not the least remarkable property of gases is 
their power of blending with one another. If 
equal volumes of the three separate gases^ — hydro- 
gen, nitrogen, and carbonic acid — are decanted into 
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Un^ j«r, E might be expected that they wuld gases are deeeidbed as ^ permanent ** Ihfc appalls 
ammge theaoaaelves ia distiact layers : the which Faraday used was a bent tube {mm 1% H). 

on aoecmnt of Its lightness, occupying In oue end he pidi the mature jB?om the 0as 
part of the vessel, the carbonic acid sink* was to be evolved, while the other 
|iig to the bottom, and the nitrogen remauiing sus- viowdy sealed up in the 4am6 of a How*id{a^^*4ie 
pended between the twa Such, however, is not placed in a freezing-mixture* 'When beat was 
the case, for every portion of the jar will be found applied to the former, the pressure which ensued~ 
to contain an equal mixture of the tliree gases. The added to the extreme cold applied to the other bulb 
importance of this law of diffusion will be apparent — caused the gas to collect there in a liquid f<Mnn. 
when we think of the consequences which would Since New Year’s Day, 1878, the three so-called 

ensue were the lai^e amount of carbonic acid, permanent gases have, by means of most powerful 

which is constantly arising from our earth, i*etained a]>paratus, been made to succumb, and there is now 
near its surfjice. Animal life, under such circum- no such thing know'ii as a permanent gas. A stream 

stances, would, of course, be simply im|K)ssible. of liquid oxygen >vas seen, which caused anything 

For the laws relating to gaseous volume, we must brought wdthin its influence to burn with tenifio 
refer the reader back to page 72, wdiere he will also violence , and hydrogen, of a steel-blue colour, was 
tind much that is interesting concerning molecular thrown out of the ai>pamtus, and jwittered on the 
movement. ground like so much hail. It followed as a matter 

It has hnig been the opinion of chemists, that of course that the comiX)und of nitrogen and oxygen, 
with sufficiently ])Owerful apparatus all the gases — a.e., common air, could also be compressed ; and 

could be compressed liquid air was actually pi*oduced. The liquefaction of 
into a lic|uid state, these gases is one of the triumphs of modeim times. 

Faraday was the first In conclusion, it must be obseiwed that the gases 
to experiment in this which w’e liav(^ chosen for consideration must net 

direction. In his be looked u]>on as merely the products of the 

l.ands, a number of laboratory. Altbougli they are strange to us in 
the gases which up their free state, coui))ined they are intimately 

to that time had becni wrapped u]> with our daily lives — wdth the air we 

considered [>enna- breathe, with tlie water we think, and wdth all the 

iK'ut, were reduced food on wdiich wv dept*nd. Nay, the very tissues 

to the liquid and e\eii of our bodies, when reduced to their constituents, 

solid state. But three may be proved by exix»rimont to be identical with 

of those with wdiich wo have l>een experimenting — these va|K)ur8 w hich w e have bt^en imprisoning in 

namely, hydrogen, oxygen, and nitrogen — resisted bottles, leaving only a small residue of asb— eai-tby 

all Jiis efforts. Wo shall find in all the text-l>ooks mutter — ^to represent tlie dust to which we must all 
published up to the close of 1877, that these return. 


THE miSH ELK AND ITS ENGLISH CONTEMPOEAEIES. 

By a. Leith Adams, FIl.8., 

ro}meilj, Fiofissor of Natural Htutoiy in Queen* » CoVege^ Cojk, 

T he phenomena relating to the Glacial Period, for the testimonies furnished by rocks and soils, we 
or Ice Age, described in a previous contribution should know very little of pre-historic times ; but 
<p. 33), clearly establish the presence of an arctic by investigating the appearances and structure of 
climate in the British Islands, at an ejKKjh not very the mineral portion and the relations of the various 
remote when determined by tne method of com- beds to one another, the student is enabled to 
puting time adopted by geologists ; or, in other determine with considerable accuracy past changes 
words, by comparisons of the characters of tlie in the relative position of sea to land, whilst the 
mineral strata, and of the animal or vegetable remains of plants and animals entoml^ in then? 
remains preserved in them. Indeed, were it not furnish evidences of the climatic conditions and 
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llQrsM geqgXEi^ 

l iiii M te mw tmAst tile 

Mareow, bylria^g^ 
JlU0tg^ ftm didhrm^t v^onts, 

IM be in A poiititiQn to oonetruct clmmological 
(temmente by which the Tariout etrata can be ar- 
ranned in accordance with thdr order in time; 
thereby ixuHcati^ when lands disappeared or were 
r6«^evated« But although the geologist has not the 
meaiiis of establishing positive lengths of time, still, 
sufficient proofs can be obtained to show that the 
history of our planet is made up 'of ages and peiiods 
characterised by their peculiai* animal and vegetable 
products, ai^ also for the most 2 )art by their rock 
structures. 

The plants and animals which perished during 
the accumulation of the rocks and soils, either on 
dry land or on the sea-bottom, have been jneserved 
in accordance with the hardness or otlier peculiarities 
of their structures; so that vast numbers of soft- 
bodied animals and perishable plants have totally dls- 
ap[>eared. The records of the rocks must therefore 
be conshlered very iiiij>orfect as far as is yet known ; 
but they nevertheless funiish irrefragable proofs of 
the animal and vegetable life of the various epochs 
to which tliey refer. By means of even ceiiiain 
groups of animals, such as marine and fresh-water 
shells, and particular assemblages of ten*estrial 
animals, whose remains may happen to have been 
preserveil iii fossilised or j>etritied conditions in tlie 
strata, the student is enabled to determine whether 
they were natives of arctic, U^mperate, or tropical 
climates ; and, from their orgiuiisations, what wei'e 
the likely condition and extent of the flora and 
physical geography of the sea or land on which they 
sojourned. By a similar methoil we 2 )ropo 8 e to 
elucidate that j^rtion of the history of the British 
Islands known as the Post-Glacial Period, or, in 
other words, the progress of events which followed 
the Ice Age (p. 39), and has culminated in the 
Pi'esent or ** Recent ” Period of geologists. 

In selecting a group of animals for the ]>urposo 
of elucidating past changes of the surface of any 
particular region, a preference must always be given 
to mammals or suck-giving animals, for the follow- 
ing reasons: — ^They are the most generally dis- 
tributed over land and water, they suit themselves 
to climate and locality, and are not subject to 
accidental distribution ; whilst they are not depend- 
ent on other groups of animals. Their bony parts 
preserve well, consequently they have left abundant 
traces of their presence in the latest geological 
formations. We shall therefore confine our obsei^ 


vationa to the mammals of the PostrGlarii*! 
es mimilesteA by di^vories of their remains in the 
dq>o«dts of limestone oamnsy and in the silt and 
detritus of the rivers^ likes, and sea-bottoms eon- 
neoted with the British Isles. 

The evidences they furnish of past changes in (he 
relative positions of land and sea, relate to the 
numbers and particular descriptions of quadnipeds, 
as compared with similar remains met with under 
like conditions on the Continent of Europe and 
elsewhere. By f^r the greater poriion of animal 
relics have been dug up from dejx)sits of limestones 
caverns in England and Wales. These rock cavities 
are tile products of atmospheric and aqueous 
agencies acting on the calcareous strata, so that what 
may at firet have been a mere crack or fissure will 
become in time a cavern. The jn-ocess of erosion is 
2 »arily chemical, inasmuch as the rain-water im- 
pregnated with carbonic acid received from the air 
acts as a dissolvent on the lime, scooping out, by a 
very slow but certain 2 :)rogress, galleries and tunnels 
often of suipassing magnitude and extent, and of 
wondrous construction. These tunnels, following, 
for the most part, the directions of the rock rents, 
may present every variety of outline; whilst the 
coihstnnt dripping of water saturated with lime 
fornls a calcareous cement on the floor, where it 
mjudly solidities and becomes veiy efiective in ju'e- 
serving the iinimal and vegetable relics with wJiicli 
it may come in contact. To this substfince the 
])amc Hialmjmhe lias been given ; whilst the icicle- 
like masses of +he same substance, often seen 
de]>ending from tlie roofs and sides, and frequently* 
of beautiful and fantastic shapes, have been called 

Now, snj^posing that such a rock cavity became 
the den of wolves or hyaenas, we may easily suppose 
that the fragments of the bones of the animals on 
which they preyed, and their own skeletons, if any 
liappened to die in the cavern, would be aj)! to get 
covered up by this constant limc*dripping going on 
from the roof and sides of the den. But the pro- 
cess of interment would not be altogether confined 
to this agency, for through the various rents in the 
roof and sides, and also by the entmnee, surface- 
soil, clay, and other materials convoyed in by water 
and deposited on the stalagmite, would form a new 
floor, and tlms the relics of the period of the car- 
nivorous animals would be completed. The second 
stage in the history of the cavern now commenced. 
Man may have made it a temporary or a per- 
manent residence, and being a hunter, was certain 
to have brought the bodies of his victims into the 
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den, where the refuse of his feasts, and the stone 
and bone implements of the chase, got occasionally- 
mingled, whilst the diipping of stulagmitic material 
was still going on, and the above were sharing the fate 
of the relics of the wolves and hyceuas. At 
length the cavern was abandoned by man, 
and new* occupants took his place, until, 
nearly filled to the roof by the accumulations 
of yeai*s, it finally became the abode of the 
fox, or formed a rabbit-warreii. In corro- 
boration of this method of preserving animal 
relics, the following example will servt‘ as 
an illustration. 

During the year 1821, when workmen wei’e 
employed in quarrying a limestone rock at 
Kirkdflle, near Pickering, in Yorkshire, they 
broke into a cavern, the extenial entrance 
of wdiich was closed at the time with eai*th and 
other materials. In this cavern there were found 
\ast quantities of broken boiu's and teeth. Borne 
wei’e more entire than others, but the generality 
w*ei'e in fragments, and, from markings on them, 
showed that they liad been gnawed and smashed 
by the teeth of large flesh-eating qnadruj)cds. 
Besides the bones tliere were many small balls, 
which, on careful examination, turned out to be tJie 
excrement of some ci’eature that Jiad fed on the 
bony parts of other animals, A careful examina- 
tion of the collection, which was very extensive, 



Fig 1.— Skull of the Cave Hynm 


showed that the majority of the relics belonged 
to a hy«ena of large size as compared with any 
now living, so that Kirkdale Cavern had in all 
likelihood been a den frequented by carnivorous 
animals, chiefly hya?nas (Pig. 1 ), which had dragged 
portions of their victims into its dark and dank 
recesses. Among the stalagmitic earth, and strewn 
about like the refuse on the floor of a dog-kennel, 
were quantities of bones and teeth of quadrupeds, 
many of which are now totally extinct, whilst a 
few still frequent foreign countries, and a moiety 


survive on British soil. Of the first, thei'e was a 
gigantic stag, known as the Insh elk, exhibited by 
parts of its skeleton; also the so-called ancient 
elephant, a rhinoceros, a hippopotamus, a bison, and 


wild hoi-se. Besides these, the lion, spotted hypeno, 
brown and gi’isly boars (Fig. 2), the wolf, and 
reindeer, now* driven to tro])ical or cold n^gions, 
and the re<l deer, fox, mlibit, hare, and w*atpr-rat, 
which still maintain their footing on British soil. 
Now, these animals represent only a small portion 
of the mammals wdiich frequented (Ireat Britain 
during the Post-Glacial Period, as is testified by 
the records of similar rock cavities in otlior districts 
of England and Wales, sucli as tlie w'ell-knowm 
Kent’s Cavern, in Devonshii'e, when^ remains of 
thirty species of living and extinct mammals liaAe 
been discovered, as also in otJier I’ock cavities in 
BoutJi Wales, Derbyshii'e, and elsewhere. Among 
these remarkable extinct ani'naJs, remnants have 
been found of a fonnidable lion with Babi*e-shaped 
canine teeth. This monster has left its bones and 
teeth in the rooks, soils, and ea-vemis of various other 
countries, including even the caverns of Bmzil. 
Altogether, the records of the English bone-ca-ves 
tell a stmnge story in connection w*ith the islands, 
at the time when these animals roameil o\er the 
hills and valleys— to wit, liow^ the rhinoceros and 
hippopotamus wallowed in the rivei's ; of herds of 
divers sorts of elejdiants, oxen, deer, and the wild 
horse, that frequented the forests and glades ; and 
of the lions, ])anthen3, hya»nas, and wolves, wdiich 
preyed on them ; and, lastly, of man, w^ho seems to 
liave played no unim|)ortant j>art in the work of 
extermination, as wdll be shown in the sequel. 
Fm*ther, to have maintained such a numerous and 
varied animal life, there must have >>een ample 
vegetable subsistence. They likewise indicate ex- 
■tensive feeding-grounds, and a connection at that 
time between Great Britain and the Continent of 
Europe, where all these animals’ remains have l>een 
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discolored under similar conditions, and where, as 
in England, tliei'e is evidence to show that they 
existed even before the Glacial Period. 

We come now to the evidences furnished by the 
de|)osits of rivers. During the thaws that must 
have cliaracterised the close of the Ice Age, and 
continued for longer or shorter periods throughout 
the long vista we are considering, the rivei*s and 
inland lakes were doubtless subject to constant 
inundations which covered largo tracts of country, 


above and many other Post-Glacial mammals, aev 
companied by river shells- and evidences that leave 
no doubt as to how tjbey had lieen deix>sited. 

Between Oxford and the mouth of the Tliames, 
in the brick-earths, sands, and gravels of the river- 
valley, entire skulls and many bones of the woolly 
elephant or mammotli have been found ; indeed, so 
numei*ou8 have been the discoveries that the writer 
was enabled to recognise teeth of upwaids of 500 
individuals in public and jrivatc museums. Even 



i U 3.»lDBAL ECBOPEAN LANDSCAPE OF THE FOSl GLACIAL PFKIOD, SHOWING THE IbISH £lX, WoOI LT ElSPHANT, 
Uaibt Ubinoceros, Ubds, Cate Beab, and Cave Htjin:a. 


and formed the extensive deposits of sand, loam, 
and clay, in which the remains of several of tlie 
above-mentioned and other animals are found. 
Indeed, it is now generally believed that many of 
the insignificant streams of our islands are but the 
tributaries of much larger rivers that existed 
during Post-Glacial times, and before the sev erance 
of the island from the iimiuland. The Thames, for 
instance, is thought to have been one of the branches 
of the Rhine. London, again, is built on dei) 0 sit 8 
laid down by the Thames; and in many otlier 
situations, where insignificant streams now exist, 
the surrounding water-shed shows enormous beds of 
river-silt and gravel, which contain remains of the 

37 


from the brick-fields of East Txmdon, at Ilford, 
molar (grinding) teeth weiv collected, belonging, at 
the lowest possible estimate, to as many as 150 
elephants. The mammoth, or v ool-covered northern 
elephant (Fig. 3) was the most conspicuous of the 
large extinct mammals btdonging to the Post-Glacial 
Period, and seems to have been widely distributefl. 
With the exception of the more mountainous pai’ts 
of Scotland, it appars to have been generally abund- 
ant throughout England and Ireland ; and besides 
leaving many tiaces of its existence tliroughout 
Europe, as far south as Spaia and Italy, entire 
caiv^ases, with the flesh end hair on the bones, weio 
discovered many years since in the frozen soils of 
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Siberia, from whence ite fossil tusks ami teeth are 
still imi-orted in quantities for the London “arket 

Again, still farther *vi o - 

and in Alaska, its skeleton has b<x*n found in con- 
nection with bones of the reindeer, wild oxen, ant 
Imrse, or, in fact, tlie same animals with winch it 
was contemporaiy in Great Britain ; it has e\en 
i>een traced to Canada and tlie United States. 

Another denizen of the Thames valley was a liaiiy 
rhinoceros (Fig. 3), whose carcase has also been found 
under similar conilitions and in tho same region 
with that of the mam moth. But one of tho most 
conspicuous objects found in these old flood dejiosits 
of ouj* famous river, is the skull of the urns, a gigantic 
ox (Fig. 4), a magnificent series of which, from the 
Ilford briek-flolds, occupies galleries of the Bntissh 
Museum. Homo con- 
ception of the for- 
midable proi)oi*tions 
of tills primeval 
tenant of ancient British forests may 
be gathered from the size of its horn- 
cores, each of which shows a measure- 
ment around the curve of 3 feet, with 
an intervening breadth of forehead of 
no less than a foot. The same bison 
which left its I'emaiiis in Kirkdale 
Cave reappears in Thames earths and 
gravels, along with the exuvia' of the 
bear, lion, Irish stag, hippopotamus, 
and liorse. The horse seems to have 
been generally distributed over the 
British Islands, and judging from the size of its 
bones, was not large as compared with our domes- 
ticated breeds ; but, like many contemjiorary 
animals, the period of its extinction is unknown. 
Tlie beaver, now repelled to nortliorn latitudes, and 
tho most secluded parts of Central Euro]>e, built 
its dam on the Thames and on many other British 
streams, as testified by numerous remains of its 
skeleton found under the streets of London and 
elsewhere, in connection with the relics of the above 
and other lost mammals, and it lingered on in 
Welsh and Scottish rivei’s up to the eleventh and 
twelfth centuries. 

We have now to consider the nature of the 
animal relics from turbaries and lake deposits ; and 
nowhere can better evidences lie procured than in 
Ireland, which, although prolific in the numbers of 
relics of its famous stag, has not hitherto produced 
any great variety of extinct species, as compared 
with the sister island. Whether the physical aspect 
and climate of the country then were uninviting to 



Fig. 4.— Skull or the Ujiu8. 


certain mammals not plentiful at the time in 
England, it seems apparent that Ireland for some 

C-lA/kinl PArind WiM nnvAvWl W a 

work of lakes, in which its noble mminant was in 
the habit of getting mired. The remains of the 
Irish elk, hitherto discovered in the shell-marl of 
peat-bogs, represent many thousands of individuals, 
and their skeletons liave been found in a perfect state 
of integrity, without even the loss of a single bone. 
Moreover, unlike the fragments of the same animal 
met with in English caves, they show no traces of 
violence from either man or beast. Indeed, the only 
carnivorous quadru^ieds at all likely to have preyed 
u]X)n so formidable an animal wei*e the bear and wolf, 
for neither tho lions, panthei*s, nor Iiyienas, which 
then fi’equentcd England, aiqiear to have found 

their way to eitiier 
Seotland or Ireland ; 
at all events, not a 
trace of their re- 
mains has turned up in either country ; 
and man, upon similar negative evi- 
dence, docs not seem to have inhabited 
Ireland when this ruminant freipieniod 
the island. 

Tins gigantic deer was uniiuestionably 
one of the most magnificent quadrupeds 
that has trodden the face of our planet, 
A full-gi'own male, sttuiding ei-ect, 
measured from tlie summit of the antler- 
crown to tho ground as much as 14 
feet, with a breadth of horn equal to 
12 feet, whilst his height at the witbei's generally 
exceeded 6 feet (Figs. 5, 6). Tlie dried skull and 
horns often weigh 951b., so that in the flesh ho must 
have frequently borne a weight on his neck of 
fully a hundred ixjunds. This, with the enormous 
spread of horn, placed him, no doubt, at a dis- 
advantage, either when swimming across the lake 
or in making his way through tho forest. Indeed, 
as regards the enormous horn being a likely cause 
of the destruction of the animal, there is the 
evidence afforded by the mai’ked absence of the 
hornless skull of tho female and of young indi- 
viduals; but what is, perhaps, still more sug- 
gestive is the extreme rarity of skulls of male 
individuals after their antlers have just been 
shed, and before the new annual growth has 
made any progress ; indeed, the bulk of collections 
show full-grown and aged males, with their horns 
in their prime. Now, if the same law as to the 
shedding of antlers obtained in this instance as in 
living stags, it indicates that the majority of Irish 
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elks peiished in the autumn season, when Landseer 
depicted his famous pictures of the red deer as seen 
in the Challenge,’* the Stag at Bay/’ and the 
Monarch of the Glen;” but what would the most 
stately modem monarch of a Scottish glen have 
been to this gigantic Irish stag ] A conception of 
the vast quantities of the remains of the latter 
found in Ireland may be gathered from the fact 
that in the shell-marl under a bog near Dublin, and 
in a space of not more than one hundred square 
yards, no less than a hundred heads and very many 
bones — ^indeed, entire skeletons — ^havo been lately 
dug out. 

Now, these discoveries of remains of gigantic 
deer, as well as of bears, I’emdeer, and other 
mammals, in similar lake-beds and under precisely 
the same conditions, present some iirq)ortant 
historical features. In the fii*st place, these ancient 
lakes were formed in what has been named glacial 
clay, in consequence of having been deposited by 
melted ice of the Glacial reriod. During the slow 
silting up of the bottoms of these t>ims by the 
entrance of soil by streams and the sconiings of the 
surrounding water-shed, many land and fresh-water 
shells were buried in the mud, wliich is now in 
repute for top-drcs&iiig to fields, and in coiLsequence 
of the quantities of its shells has been named 

shell-marl.” The above might tlierefore l>e called 
the Lake Period, inasmuch as all the large Post- 
Glacial mammals of Ireland disappeared when these 
iulaml water-biisins l)egan to dry up, and peat 
formed on their sinfaces ; indeed, it would apj)ear 
that the climatic conditions requisite for the growth 
of i)eat may have been absent at that time. At all 
events, instead of the remains of these early British 
mammals, wo find nothing but bones of the red 
deer and domesticated animals, which had been 
milled at much more recent |»eriodH. Thus the 
Irish bogs represent two distinct epochs m the 
history of the island. 

The testimonies afforded of the ancient exten- 
sions of the British Islands by the animal relics 
recovered from the bed of the Nortli Sea, and at 
various othei* points along the coasts, are both 
numerous and interesting. On the east coast of 
England, from Flamborough Head to Dover, and 
as far out at sea as dredgers and trawlers are in the 
habit of proceeding, vast collections of teeth and 
bones have been found of the large extinct animals 
just mentioned — more especially of elephants. In- 
deed, it is no exaggeration that a cart-load of teeth 
of the woolly mammoth were dredged up on the 
Dogger Bank alone, whilst portions of the skeletons 


of no less than four hundred individuals were re* 
claimed from the sea-bottom ofi* the coast of Norfolk 
in twelve years. And similar evidences of the old 
coimection of our islands with the European Con- 
tinent have been obtained from the shallow |>ortion8 
of the English Channel ; whilst precisely the same 
relics are met with on the opposite coasts of France, 
Belgium, and Holland. Again, skeletons of the 
Iiisk elk wei*e discovered in the Post-Glacial clays 
of the Isle of Man, and bones and teetli of the 
mammoth elephant were found during excavations 
in the harbour of Holyhead. The same animal’s 
remains have tuimed up on the coast of Antrim, 
in the basin of the Clyde, in the Bay of Galway, 
and, in ceitain instances, along with bones of the 
Irish elk, the horse, and the reindeer.* Finally, 
with reference to evidences furnished by soundings ; 
The narrower parts of the Irish Channel are not 
over 360 feet in depth, whilst the English Channel 
is itirely anywhere more than 300 foot, being less 
than 200 feet between Dover and Calais. It would 
apj>ear, therefore, to bo evident that, supposing 
the depression of the intermediate areas was slow, 
Irelaml became an island befoi’e Great Britiiin, and 
before the animals which had spread over England 
had time to push westwards ; and this belief is 
furiher strengthened by the following facts relating 
to its aiiimals. Out of 44 teirestrial mammals now 
living in England, 31 are found in Scotland and 22 
in Ireland. Again, as many as 33 species of extinct 
mammals belonging to the Post-Glacial period have 
been identified from I'emaiiis discovered in England ; 
of these, however, only 10 have been met with in 
Scotland, and 7 in Ireland. Tlie great bulk, thorc' 
fore, of the extiuct mammals of the British Isles 
belonged to England. A remarkable circumstance 
with reference to the living and extinct ajK^cies 
of Scotland and Ireland is that, with one unim- 
portant exception, the mammals of the latter are 
precisely the same as the Scottish, wliich miglit indi- 
cate that Ireland i*eceived its animal denizens from 
Scotland, oi', in other woixls, that tlie oi*iginal land 
communication between Ireland and Great Britain 
was by South-western Scotland and North-western 
England. At all events, the fauna would seem to 
show that the severance took place before the ani- 
mals inhabiting the same latitudes in England had 
time to make theii* way to Ireland. Supposing we 
take the slow-travelling animals and birds of feeble 
flight; it will be found that there are twice os many 

♦ The reindeer is said to have frequented the North of Scot- 
land about the middle of the twelfth century. In 1158 Jazi 
Rdgnvald was slaiu at Oalder, in Caithness, when hunting it. 
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species of frogs and reptiles in England and Scotland 
ss in Ireland. The tardy mole and toad arc not 
found in the latter, nor is the domouse, winch, 
however, is also absent frem Scotland; also the 
water-rat, the hare, roebuck, ami several other 
Scottish and English mammals, whoso absence it 
would l>e difficult to account for on any other 
hypotliesis. Filially, tin extinct quadrupeds 
hitherto recorded from Ireland are just the very 


less vagrant denizens of the riverJbsaks 9HA loresti, 
such as the river-horse, the riiinoceifos, the wild bull, 
and of course the lions and lai^ge oamivora which 
preyed on them, may have contented themsehrea 
with the luxuriance of the plains of England, 
Northern France, and Belgium, whose climate was 
probably more congenial to their tastes. 

It has been infeiTed by geologists that the Post- 
Glacial Period was characterised by considerable 



Fig. 6.— SsxLSTOir OF THB liUSB £lx. {Megacevot Htbemtous,} 


species one would expect to have formed the 
van of the advancing host of Post-Glacial mam- 
mals. The woolly elephant, and its ancient com- 
panions the hoi'se, Irish elk, reindeer, and red deer,* 
pushed northwards, pursued by the bear and the 
wolf,t which still follow the two latter ; whilst the 

* The two latter have still a wide distribution, and the 
reindeer comes as far south as the fortieth d^^e of north 
latitude in North America. Few mammids make more exten- 
sive migrations than the reindeer. 

t The wolf was exterminated in England about the year 
1600, and in Scotland about eighty years subsequently, whereas 
it lingered on in Ireland till 1710. The brown bear is reported 


variety in the intensity of the climate; indeed, 
it is believed by a few that the extinction of the 
larger mammals was caused by the return of an 
arctic temperature after intervals of much milder 
conditions. And the finding in British soil — ^nay, 
even in the soils of Southern France — of remains 
of such as the musk-sheep and reindeer, which now 
inhabit the polar regions, and of the hippo|)otamus, 
rhinoceros, lion, and hysena of the tropics, appears 

to have become extinct in England early in the ninth century, 
and in Scotland about the middle of the eleventh century. 
There is no historical evidence of its residence in Ireland. 
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to confirm t)u$ view. But the discoveries already 
refidtred to of the carcases of extinct elephants and 
xbinooeroses, dad in thick coats of hair, show that 
although their living representatives are naked, 
such was not the case with certain denizens of the 
period we are now considering. Therefore, luiless 
there had been a sudden setting in of cold, so as 
to kill off the animals before they had time to re- 
treat to more genial climates, the probability was 


Glacial Epoch may have retired and advanced 
annually, as the cold and hot seasons came and 
went 

It is highly probable that the larger manamals 
arrived on the British area before man. He is not 
likely to have pushed northwards in a country des- 
titute of ample means of subsistence. But it is 
evident that he hved at the same time, and preyed 
extensively on the herbivorous quadmpeds, and no 



Fig, 5 — Thb Ibibb ElXi bbstoebd {From a Drawing by C, BerjtMu ) 


that they were amply provided with all necessary 
requirements as regards the means of protection 
against the ordinary rigours of climate ; indeed, we 
may believe the ancient British lion, like the living 
tiger of the colder regions of Northern Asia, was 
clad in a long fur mantle, which would have added 
very much to the formidable appearance of the 
ancestral king of beasts, whose conspicuous mane and 
flowing tresses were doubtless far more extensively 
developed than even in the present leonine denizens 
of AfHca. But the reindeer, wild oxen, and asses 
of Tartary, and the zebras, antelopes, lions, and 
other mammals of Central Africa, perform regular 
migrations, according to the failure of food-supplies, 
so that the denizens of Britain during the first 


doubt played a considerable part in extenninating 
the larger species. In Brixham Cave, Devonshire, 
flint implements of the chase, comprising aiTow and 
spear heads, axes, and knives, have been found among 
broken bones of the bear, lion, Irish elk, reindeer, 
horse, elephant, and rhinoceros. In Kent's Cavern 
similar conditions were observed i and also in the 
Gower and other caverns in the Mendip Hills of 
Somersetshire, and elsewhere. In Scotland and 
Ireland, similar w’eapons have been foiind, but not 
in conjunction with the bones of their lost mammalB. 
The ruder-fashioned of these implements have been 
ascribed to an earlier and more savage race than the 
finely-polished and often artistically chipped arrow- 
points and other tools., and it is beheved that they 
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bear the impresses of a gradual transition from the 
one to the otlier, the more highly-polished being 
comparable to the tools now used by the savage 
races of the Oceanic Islands, and lately by the 
Red Indians of North America 

Of the duration of the Ice Age, and of that 
immediately following it, and the vacillations of 
climate which may have characterised the latter, 
there is no very tangible e\idenco. That both 
epochs were of long dumtion, to allow for the 
deposition of the enormous accumulations of the 
debi*is of i-ocks, there can be no manner of doubt. 
Again, uni'cckoned ages must be allowed not only 
for tlic migmtion of the animals, but for the dis- 
semination of the plants iiecesaary for their sub- 
Bistenco, seeing that the land-flora was entirely de- 
stroyed excei)ting possibly a few arctic species that 
mny have survived on tlio island crags still above 
th<‘ surfac(* of the frozen seas of the Glacial Period. 

The evidences just adduced, when read by the 
liglit of modern science, seem to establish clearly — 
(1) The presence during a late geological i)eriod 
ot an arctic climate in Britain, during pai*t of 
which a submergence of the area took place, and 


the latter was reduced to an archipelago of tmm 
islands, when nearly the entire &una and flora 
disappeared. (2) A subsequent re-elevation of tiie 
area, and its union with the Continent of Europe, 
from which the land was re-stocked by the animals 
and plants of the latter. (3) The submergence of 
portions of the area now occupied by the Irish Sea> 
English Cliaunel, the greater part of the Gorman 
Ocean, and repiosented by the present physical 
features of tlie British Islands. 

Such are a few of the lomarkable mammals which 
lived on British soil during the Post-Glacial Period, 
and the lessons they seem to teach. But for such 
relics, and the stone implements of man found in a 
few instances in conjunction witli them, wo could 
liave known extremely little of the liistoiy of tho 
period of which they are tho exponents — a period 
no doubt extremely remote according to man’s 
methods of computing historical events, but of 
yesterday as compai'ed with older testimonies of tho 
rocks. At all events, in spite of its imi)erft*ctions, 
the subject is a good illustration of the value of a 
scientific knowledge of living and extinct animals, 
in elucidating past changes of the earth’s surface. 


HOW PLANTS GROW. 

B\ G. Dickie, MA., M.D., K.U.S., etc., 
Fo)merhf Fiojessor of Botany %k the University of Abeideen, 


T he common observer has some difliculty in 
nndoi’stnnding in what way a plant increases in 
lengtii and thickness. But before trying to explain 
this, it will be necessary at the outset to state the 
nature of the materials of which plants consist, and 
of the way by which tliey are laid down and 
connected together. A substance of comparatively 
simple kind is common to all plants, from the 
smallest mould or moss to the gigantic trees — Wel- 
llnqionla or Sequoia (Fig. 8) — of California, some of 
which have reached between 300 and 400 feet or 
more in height, with a relative girth. The term 
cell or vesicle is used to designate tho material in 
question. In common language, the term ‘*cell” 
means a small cavity or hollow place ; and a vesicle 
is a little bladder-like structure, the bounding 
walls varying in their nature. 

The cells of plants in the early and active state 
are not exactly of the simple kind expressed by 
the above teiins — ^tliat is, are not at all times mere 
empty spaces bounded by a wall, but contain fluid 
and more solid particles; these even may be present 
without any harder cell-wall. Of such there are 


examjfics among not a few of the simjfier or lower 
forms of tho vegetable kingdom. These cells and 
their several modifications, may be compared to tbo 
individual bricks and stones in a building ; but the 
process of dressing and cementing may be said, in 
the plant, to go on ui situ so long as life is present. 

With the assistance of a pocket magnifying-glass, 
one may got some idea of the structure in question 
by examining a piece of the production called lice- 
l)ai)er, which is very incorrectly so named, it being 
really a kind of transparent pa[)er made by slicing 
the pith of a plant called Arafia paiytfrifera, a native 
of China. Other substances may be examined in the 
same way, such as the pulp of an orange or a piece 
of pith from the common elder. The accompanying 
figures (1, 2) give a fair general idea of plant-cells 
as seen under a microscope ; but there are other 
forms which need not be fully noticed here, such 
as cotton, which consists of long, thin-walled hairs, 
which cover the seeds of the cotton-plant (Figs. 3, 4) ; 
and flax, which is got from the inner |)art of the 
bark of the flax-plant ; these and other useful fibres 
are in reality modifications of ceils. 
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The i^herical seems to be the original form, of 
which there are modifications occasioned by mutual 
pressure and irregular growth. In dissecting or 

teai-ing asunder 
under a micro- 
scope cells which 
in connection have 
stfverai sides, and 
thus relieving the 
mutual pressure, 
the many - sided 
cell has been seen, 
by its own elas- 
1.— ’Twsue of Fitb, ticity, to assume 

the round, or 
rather, to sjKiak more correctly, the spherical form. 

In some of tlie lower or simpler kinds of 
plants, the nature of the cell and its re}iroduction 

can be conveniently 
examined. On drip- 
ping shady rocks, 
gelatinous masses of 
vanous colours are 
very common ; and 
at tlie foot of shaded 
walls, on the damp 
soil, red or blood- 
like patclics are also 
g. 2.— Si.bencai Colls of Pith, frecpieat — ^the latter 

called by botanists 
Palmella cr^enta — that is, **blood-like palmella.” A 
small bit of any such in a little water placed on 
a slip of glass, and a thiimev piece over it, can be 


Pig. 8.-~Seed of Cotton. Fig. 4.— Section of Seed of Cotton. 

conveniently used as an object for examination and 
study, as illustrative of the structure of the active 
cell. With simple precautions and arrangements, 
the said material may be kept alive for some 
time, and occasional inspection will thus enable 
the observer to get some interesting information 
respecting the phases of life in the vegetable 
cgIL 


The use of magnifiers for the purposes mentioned 
will be understood when we consider the siases of 
cells. Their diameters vary from a thirtieth of an 
inch to a six-thousandth part of the same. Tlie fiM 
is large and not common; intermediate sizes are 
frequent; and a minute organism or jdant found 
in France and Gomaany — Palmella hyalina — is 
reported as having the very small dimension of 
Ybioo of an inch. Tlie cell is capable of [>roducing 
other cells like itself; and the really active part 
is not the cell-wall — when such is present — but 
the softer contents. In order, therefoi c, to under- 
stand the ])rocess of growtli, it is necessary to 
know sometliing of the stmetnre of tlie Jiving and 
active cells concerned in the jirocess. First, there 
is an outer covering, the cell-wall, whicli is more 
or less elastic, and varying in thickness. In its 
earlier stages it is soft in texture and freely 
permeable to water; inside there is a softer, less 
elastic layer, technically called primordial utricle 
or vesicle. The latter is scarcely membranous like 
the cell-wall, and is merely the outer lilm of the 
softci* matter, called protoplmm. Uialei* the micro- 
scope, the distinction between cell-wall and the 
contained mateiial is often feulliciently obvious; l>ut 
the ap])lication of some chenncals— such as a weak 
solution of iodine — renders the features more 
distinct ; the contents shrink from the bounding 
wall. In the soft ju’otoplasm there is usually ])resent 
— not invariably — a small globular body, called tho 
nudeusy often containing smaller granules called an- 
deoil. The accompanying figure (Fig. 5 ) will enable 
tho reader to understand these structures and their 
relative position. Colls also contain granules wlucli 
are coloured. The most imj)orttiut of these give the 
green colour to plants ; the technical term being 
chlorophyll or leaf-green (p. 21, Fig. 3). In old 
cells, pitli of elder, rice-pxi)er, &c., tlie protoplasmic 
contents and nucleus ai'e wanting, and tho contents 
may consist of clear sap or of air. There is, ac- 
cordingly, merely a framework of cell-walls, 
these, therefore, being the more permanent. In 
function there is an essential difference lietweeii 
the cell-wall and the contents. In other words, 
young cells and old cells differ in this — tho former 
are in an active condition. The presence of the 
protoplasm is necessary to the formation of the 
outer part. Vacant places make them ap 2 >earance 
in it, and these contain fluid or cell-sap giunules, 
which can often be seen moving from place to 
place, proving regular movement or circulation of 
the fluid contents. This can be seen, under high 
powers of the microscope, in the bail’s of Uie 
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common nettle, and in other cases also. The 
formation of new cells, and the changes they 
undergo, ai’e essential to growth. The former 
function begins by a change in the })rotoplasm, 


N 



B C 

Fig. 5 —Showing Structure of Cell 
w)Ooll-wall; (I'jProtoplagra, (N)Niu*1oub, (n) Material graduHllj Infolding; 
luzoiuingiomiih to. 

the wliolo of which, or a part only, may be con 
ccmod in the production of .such new cells. By 
division of the protoidasm giving rise to new cells, 
and the subseipient modifications of such, the mass 
of the entire plant is built up. Home of the simpler 
forms of [)laiits already alluded to illustrate very 
clearly the way in which the nrotoplasmic contents 
of a cell give rise to new cellh. In certain of these 
iher(‘ is a gradual infolding of the soft material 
ut two opposite points, .so that finally two (see B 
ami (’, hig. 5) masses aie produced. In some cases 
this pvoc(*ss gives i-ise to four. It is necessary 
howe\ or, to state that in others the whole of the 
mass (‘scapes from tin* cell-wall, becoming free, 
undergoing fn^sli changes, and finally giving rise to 
u new being. Figs. B and c illustrate these points. 

The water of the cell-sai) is of impoHanco in the 
life ot ilie cell. It is both a solvent and conveyer 
of nourishment necessary for the gi-owtli and the 
production of new cells. 

The foimatiou of a closely-united mass of cells 
de'pends on re]>eated sulMlivision, already d(‘scrihed, 
and on the development of new walls which ae])ai-ate 
the indi\idurd cells. At first these are thin and 
soft ; the lines of connection are also indistinct ; at 
a more advanced stage, especially where ther** is 
considerable tliickoniiig of the walls, the line of 
sepai’ation between adjacent cells becomes visible; 
and this line has been considered by some as a 
connecting material or cement — called intercellular 
substance — by which the individual cells are bound 
together. Fig. 1 illustrates this. The correct view 
is that there is close union of the ad jacent cell-walls, 
which, however, often becomes modified by une<]|ual 
growth, so that at certain points the union is de- 
stroyed. and a vacancy appears, wliich may ulti- 
mately become filled with air ; and doubtless the 
ix‘culiar star-like cells (Fig. 6) of the pith of a rush 
depend on this. Of late it has been asserted that 
cells are not se^mratc, but connected by delicate 



Fig. 6.— Cells of Pith of Bush. 


threads of protoplasm passing through the cell 
walls, and that many forms of lowly plant life 
never arrive at the dignity of cell form. But this 
is still Bvhjndice. 

The process of growth in the higher forms of 
plants occasions changes at certain points into fibrous 
or string-like materials, which give strength and 
support to the softer parts. This is well seen when 
a loaf is reduced to the form of a skeleton — the softer 
parts being removed by maceration in water — 
framework of great beauty and variety in different 
plants (see Fig. 1, p. 20 of this work). By similar 
treatment of the 
underground jmrt 
or stem of some of 
our larger native 
ferns, a very beau- 
tiful network, with 
larger and smaller 
meshes, is revealed 
(Fig. 7). These 
pails are called 
fibro- vascular bundles. In such a bundle of 
fibres there are admitted two modifications — the 
one called bast (Fig. D), 
the other recognised as 
wood (Fig. 10) ; the former 
beuig more juicy than the 
latter, wliich is harder. 

In the earlifT stages, tliese 
vascular bundles are com- 
posed of ordinaiy cells, by 
the tmusformation of which 
they are produced. This 
change may l>e complete or 
incomjilete ; in the latter 
case, pail ' f each bundle is 
capable ot further change. 

In the higher plants, tlie 
bast layer is usually on 
the outside, the woody }>art 
being internal ; and where 
transformation is incom- 
plete, the cells which con- 
tinue in an active state lie 
between the other two. 

Without entering into 
details, it may be sufficient 
to state tliat the parts of a 
vascular bundle are usually 

considered as either true vessels (Fig. 11) or fibrous. 
Tlie former consist of long cells in rows, one oper 
the other; the partitions between the ends partly 
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or entirely disappear^ and thue there are ocmtintioua wall remaining almost or entirely oolourleaa* In this 
tubeSi the most notable of which have a spiral band way one may procure preparations of great beauty, 
in the interior, which may be continuous or partly The other fibrous portions of a bundle are long, 



IHg. 8.~W£LLivaTO]rxA (Sequoia) OiaiHTEA of Calxfomkia. 


broken up, and the coils closer or wider apart in spindle-shaped, and without the spiral hand ; they 
different cases. Such are easily seen in the fibrous often contain grains of starch, and can be seen in 
portions of a piece of boiled rhubarb-stalk, and a thin slices of wood. Those called parenchyma 
weak solution of magenta tinges the spiral, the cell- cannot in some cases be distinguished fiom the 

38 
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woorl-fibres ; they are generally more juicy, and 
softer walls. They can be seen in the more 
central parts of a can*ot or 
radish. There are some 
other modifications which 
can only be briefly men- 
tioned, such as the branching 
tubes — called latid/erous 
— which contain either a 
limpid or milk-like juice, 
and present an ap|)earance 
like that of the blood - 
vessels of animals (Fig. 12). 
The undergi’ound tap-like 
part of the common dande- 
lion yields very fine exam- 
ines of such. When carefully 
washed, it is seen to be 
covere<l with a thin, brown- 
ish skin, which being gently 
removed, and then a thin 
slice tiiken from the part 
which it covers, branching 

Fig. 9.— Boat Fibres of Hemp, tubes Call bo observed whcn 
{Mapvjifsd.) • • i 

til e ]>repa ration is examined 
with a modemte power of the microsco|)e. These 
tubes originate from cells, the partitions between 
which disap|)ear during the process of 
growth, and hence the tubes become 
continuous. These are filled with an 
opac|ue sap and granular matter. 

Certain chemical changes always take 
place during growth. Water, so neces- 
sary for life in the plant, consisting as 
it does of the two gases oxygen and 
hydrogen, yields supplies of these, and 
also the medium by which other matters 
dissolved in it are conveyed to the 
plant. The amount of water required 
for vegetable growth varies greatly in 
diffei’ont cases, some plants being 
adapted to live in dry, arid districts ; 
others requiring external conditions of 
the opposite kind. Evapoiution of water 
from the suiface of a plant determines, 
as wo have already seen (p. 22), sup- 
plies of the same taken up by the roots, 
and transmitted upwards chiefly, though 
not exclusively, by the woody part of 
WtiS Fibres, the vascular bundles. Certain colouring 
imgrnjicd), in Solution, to be taken in 

by the roots, liave been employed to demon- 
strate by what pai'ts the sap ascends. The rapid 




absorption of water may be shown by a very simple 
experiment : any common plant with a long stem 
and successive series of 
leaves, in a flower-jict, is 
allowed to droop for want 
of water ; a copious supply 
of this nocessaiy fluid being 
then given to the soil about 
the roots, the leaves from 
below upward are not long 
in becoming turgid, resu- 
ming their former rigidity. 

Water, then, is the medium 
by which cei*tain matters 
necessary for life and 
gi'owth are conveyed to the 
pLint. The more import- 
ant of these are carbon, in 
the form of carlM)nic-aoid 
gas (the ** choke-damp of 
the miner), oxygen, hydro- 
gen, and nitrogen gases. 

Others are also i-equisito, 
as potash, lime, phosphorus, 

magnesia, silica. The air 

^*1 xi. —Barred and Fitted 

and tne soil are tno sources Wood-Vessels. (Magmjied,) 

from which plant* derive 

their food ; in different soils there is coiisidemhle 
range in the mineral ingredients. The cultivator 
must attend to this in order 
to grow profitable crops; ^ 

and supplies by manuring p Wm 

are required. It may be W I * 

worthy of notice hero that ■ Bn[®| 

some of the lower forms of MT v BJFJ i 
plants, especially those 
growing in water, seem to ^ r ^ | I 

have the power of selecting ^ 

special matters. This is ^ “"tRL | ^ j 

very notable in certain W iB 1 ^ 
minute organisms called j JLSmB" 

dlatovu, which abound in ^ j JB * j 

waters fresh, salt, or brack- |H i |/w w 

ish, and have a very wide j 

distribution, being found f BU T B j I 
in all parts of the world ^ 
hitherto explored. These ^ | JBm iBlp 

have a coating of silex, f I Jr ]B | 

and form in some localities ” P 

extensive deposits, called pig. ig.-Mllk-bearing Tube*, 

fossil earths ; some of the (Magnijied.) 

sea-weeds become gorgetl with carbonate of lime^ 
forming solid masses which are often mistaken 
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for corals. But several also of the higher plants 
deposit in their substance mineral matters in 
quantity. When a rick of straw is burnt down, 
lumps of iuipure glass are found among the 
ashes, the action of heat producing union of the 
potash and silica which the straw contains. The 
substance known in India under the name of 
tohwMTy or tahasheer, occurs in lumps deposited in 
the joints of the bamboo ; it is mainly composed of 
siliceous or flinty matter. The pottery-ti*ee of 
Bmzil has some of its tissues full of mineral matter ; 
but hard parts, such as shells of nuts, stones of 
stone-fruits, <kc., owe their character to the very 
thick walls of the cells. The root, besides being a 
point of fixture and sup 2 )ort, serves an important 
function as the part by which fluid is chiefly taken 
in. In order to understand this, it is necessary to 
state that when two fluids of diflei-ent densities — 
e.g.y water and syrup — are separated by a thin mom- 
bmne, whetlior animal or vegetable, the denser fluid 
inci’eases in )>ulk by the ])assage of the other through 
the membrane. A simple experiment, wliich one 
can easily make, illustrjites this. Take, for instance, 
the bladder of any small animal, half-filled with a 
solution of sugar, forming a moderately-diluted 
syrup ; secure the opening by a stnng, and place 
it ill a vessel of water. The bladder, after a time, 
will l>ecome full, and may at last burst : this pro- 
perty of such membi*anes is technically called 
osmose. If the observer has a microscope, the 
same result can be seen by dusting a little pollen 
from a flower into a few drops of water ; each grain 
swells, and finally bursts with some force. Or jdaco 
them in syrup, instead of water, and the efiect is 
reversed — they shrink. Now the fluid matter in 
the soil being less dense than that contained in the 
cells of the root, by the process of osmose is taken 
in, and thus we have tlie commencing force of cir- 
culation or diffusion of sap in the plant. 

The food taken in, with some exceptions, consists 
of substances which have a considerable proportion 
of oxygen ; but the solid materials of the plant 
formed from these contain much less of that gas. 
The external conditions necessary for this change 
will be presently alluded to. 

The growth of a plant consists in the formation 
of cells and increase of their number by the process 
already described, and is dependent on the presence 
of substances assimilated or digested from the food- 
materials ; and since these have a composition dif- 
ferent from that of the harder and softer matters of 
the plant, there must therefore be a chemical change 
going on during growth. But these substances may 


be a longer or shorter time stored up for the gix>wth 
of the individual ; starch, oils, may be stated 
as examples, and are of cc mmon occurrence. In a 
potato, for instance,, the cells abound in grains of 
starch, and when the tuber is planted or placed 
under conditions favourable to growth, the starch is 
used up in the foimation of new cells. Starch in 
this case is therefore stored up in reserve for future 
use. And the same is true of other matters, such as 
sugar, fats, and oils. All these are chiefly con- 
cerned in the formation of the cell-wall, and consist 
of carbon, oxygen, and hydrogen in diflferent 
proportions. And here it may be remarked that 
the formation of sugar, or a modiflcation of it, some- 
times serves another and important pur|)ose : in 
many flowers, such as those of the honeysuckle, &c., 
the presence of a sweet secretion serves to attract 
insects, which give material aid in fecuiidation — 
necessary for the formation of seeds. 

There are, however, other products of digestion 
which yield materials for the formation of the essen- 
tial part of the coll — the protoplasm, namely, and the 
gi’een granular colouring matter. These products 
are technically called (dbuminoidsy and difler from 
the othera in containing a proi)ortion of nitrogen 
stated to bo from 15 to 18 j)er cent., Ijesides carbon, 
hydrogen, and oxygen, and small proportions of 
sulphur and phosphorus. When the juice of a 
plant is heated, part of it coagulates, just as the 
white of ail egg — called albumen — does when treated 
in the same way ; hence the term albumitwtd — that 
is, a matter resembling albumen. 

Another product of the plant is vegetable 
such as forms a large ])roportion of wheat-flour, and 
can be got from common dough by washing and 
kneading in water until nothing remains but a 
sticky or tenacious residue, which is the substance in 
question. 

There is another called caseim, which is the name 
given to the chief ingredient in common cheese. It 
is abundant in many seeds such as peas, beans, 
lentils, and others (and it may be noted in pass- 
ing that the Chinese prepaix) from such seeds a 
vegetable cheese) ; and if a little vinegar be added to 
pea-soup the presence of caseine is at once indicated 
by partial coagulation of the soup. 

Insides the substances just mentioned as import- 
ant in the growth of the plant, the hard parts of 
the cells are in some cases used up for the same 
puqjose. The haixl seeds of the date (Fig. 13), 
ivory-nut, &c., in germinating, undergo a change, 
becoming softer, j^artly dissolved, and thus available 
for the gix>wth of the young plant. In the case of the 
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vine, ^<&gluc(m or grape-sugar, and cream of tartar 
deposited in the leaves pass to the fruit and act as 
nutrients, hence the care that is required in removing 
or pinching off the ends of fruit-bearing branches ; 
if the operation is overdone, the fruit deteriorates. 

There are certain external conditions necessary 
to bring about the changes which take place in a 
living plant — viz., heat and light. The amount of 
each, it is needless to say, varies in different locali- 
ties, and plants are adapted in accordance ; those 
peculiar to the warmer regions cannot be expected 
to succeed in cold climates, and the 
temperature which suits them would 
not in every case permit the existence 
of many siKscies which grow in colder 
zones. 

The substance of plants is a bad con- 
ductor of heat. A very simple exi^eri- 
mont proves this. A wire of metal will 
tmnsniit heat from one end to the other 
more rapidly than a strip of wood of 
the same dimensions, and, vice versd, 
the metal cools faster than the wood. 

Pig u-Sec- ^*1^6 notion of all this is requisite for 
proper ti’eatment of plants in glass- 
houses. 

Tlje influence of tempemture is seen in the move- 
ments of the green grains — chlorophyll. In winter 
it has been observed that these collect in masses in 
the middle of each cell, and when the heat increases, 
they resume a position on the walls of the cells. 

The stimulus of light on the green contents of 
leaves is necessary for the formation of new pro- 
ducts and the storing up of these in the plant; 
when a full supjdy of such is deposited in the cells, 
there is less necessity for the action of light. This 
is illustrated in the germination of seeds, and the 
grow^th of stems and leaves from bulbs and other 
undergiound organs. The })resence or absence of 
light has also an influence on the movements of the 
gi»ains of chlorophyll ; in darkness more or less 
complete, these collect on the side wall of the cells, 
and when light is admitted they return to the walls 
of the cells parallel to the surface of the organ. In 
all cases, whether lieat or light, or both together, 
act as stimuli, the green gi'ains move from one 
position to another, not because they have any self- 
power of motion, but are so carried by the more 
fluid contents. 

The food-materials, which have been already 
alluded to, for the most part contain a good propor- 
tion of oxygen. The cells and their modifleations 
contain little of this element; it is therefore a 


xiatural conclusion that in the coiirse of growth 
there must be a loss of oxygen. The chief and 
necessary agent in this is light. White light is a 
combination of rays of different colours. It is a 
point of some interest to determine the different 
influences exercised by these, since the stimulus of 
light on a green plant gives rise to the emission of 
oxygen gas (p. 21). By a veiy simple and beautiful 
series of observations, Professor Sachs has noted 
the amount given out by a water-plant — Elodea 
Canadeimsy now much too plentiful in some parts 
of Britain — under the influence of difierent coloured 
rays. Taking yellow light as the standard and 
most influential, and calling it 100, we have the 
following result : — 


Red . 

Orange . 
Yellow 

Violet 


26*4 
63 0 
1000 


Green 
Blue . 
Indigo 


37-2 
22 1 
13-5 


The brightest i^ays of the spectrum, therefore, act as 
chief agents in producing the evolution of oxygen ; 
the yellow rays and those adjacent liave the 
strongest influence. The process so well known to 
cultivators, called blanchim/y by growing celery, 
rhubarb, &c., in the dark, shows veiy well the im- 
])oi*tance of light as an agent in the gi’owth and 
health of plants. The action of light on tlie green 
gi*ains of chlorophyll gives rise, as wo have seen, to 
the escape of oxygen from the plant, thus contri- 
buting to the purity of the air, and supplying a 
material necessary in tlio respiration of animals. 
The presence of water-plants, such is the VaUtaneria 
spiralis (Fig. 14), in an aquarium aids in preserving 
the life of animals in it, obviating the necessity for 
the frequent entire change of the water, Buj)plie8 of 
such to make up for loss by evaporation being 
mostly sufldcient. These supplies, containing a pro- 
portion of carbonic-acid gas in solution, thus yield 
carbon, &c., for the growth of the plant The latter 
in turn gives out oxygen for the animal respiration. 

It is a trite remark, long in use, that in coal and 
wood the sun’s heat is stored up, to be given out 
during combustion ; and it may even be conjectured 
that the different colours which make up white 
light are also thus stored, since all those beautiful 
and valuable colours, magenta and others, are pro- 
duced from one of the products of that imsavouiy 
material known \inder the name of coal-tar. ' In 
reference to this we may quote Dr. Odling’s state- 
ment ina lecture at the Boyal Institution in 1869 ; — 
“ If the sun, instead of shining on the plants which 
grow on the earth’s surface, were to shine entirely 
on the stones, it would heat the air much more than 
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it does. As it is, a portion of the heat disappears, example, its action on plants whose leaves are 

being absorbed by the vegetation. The amount of sensitive, such as Mimom jmdica (the sensitive 

heat taken in by a growing piece of wood in un< plant) and others of the s vme genus , also species of 

burning the carbonic add of the air into carbon and OxalU, Marsilea^ (be. In such oases the blue and 

oxygen, is exactly equal to that which it gives out violet rays of light ai^e stated to be the chief stimuli 



Fig 14 --VALUSlfBBZA 8PIBALI8 


when its carbon is rebumed in the air ; accoi dingly. To sum up, plants grow under the influence of 

when we bum coals or i>eat, or consume bread and certain necessary external conditions — light, heat, 

oil in our bodies, we are really manifesting once and moisture — which, acting as stimulants, enable 

more, in the form of heat, the sun^s rays which the plant to produce new prcxlucts from carbon, 

years and years before shone on the plants from oxygen, hydrogen, nitrogen, and various mineral 

which those substances are derived.” Moi-e might mattei’S taken in by the roots, and in some cases by 

be said on the influence exercised by light; for other parts as well. Evaporation of water from 
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the leaves, <kc., determines the absorption of fluid 
by the roots, and its subsequent diffusion thiough- 
out the tissues of the plant by osmose ; the green 
organs give out oxygen gas in considerable quantity 
under the influence of light ; new cells are formed 
by division of the protoplasm, and some of these 
subsequently undergo modifleations of fonn and 
structure. The new products stored are in turn used 
in building up the different organs. 

The growth of a plant and its different parts is 
owing to the repeated production of new cells, but 
the rate of increase varies greatly in different cases 
and at different ages — at first the increase is slow, 
but subsequently becomes more rapid, and at a 
later ]>eriod again slow. 

The varying rapidity of growth in different plants 
is too well known to common obseiwers to re<][uii’e 
any extended notice here; a few examples may 
suffice. A plant now not uncommon in gardens, 
IJeracleum giganteum, a native of Siberia, is a 
biennial ; early in March its young stem and loaves 
begin to appear above ground ; toward the end of 
July, or earlier, according to locality, the plant may 
attain a height of twelve or more feet, with numer- 
ous very large leaves, and a huge nmhd or truss 
of flowers which rapidly yields abundance of seed. 

The rate of growth of certain trees is a subject 
of much interest and imi^rtance in forestry. Wo 
may confine any remarks to a few of our common 
trees. A cross cut near the ground, at the base of 
the stem, shows a central spot — the pith — and, 
aiTanged concentrically, a numlTer of layers, called 
the annual zones," marking the growth of each 
season, the whole boimded externally by the bark, 
of greater or less thickness. 

A carefiil inspection of cut stumps, counting of 
the annual layers, and measui’emont of diameter 
and circumference, will often yield very inter- 
esting results regarding age and rate of growth in 
different years. By ascertaining the exact date on 
which a tre(^ was cut, each annual layer may l)e 
referred to the year of its development, and a 
summary of all can be carried oflf by simply apply- 
ing a strip of writing-imper from the outer margin 
of the pith to the outer edge of the layer next the 
bark, and then with a pencil making a mark on the 
paper opposite the margin of each zone. 

In some cases, such an the oak (Fig. 15), the annual 
layers are rather uniform and of moderate thickness, 
the rate of growth being slow. In the ash they are 
generally of considerable breadth, indicating quick 
growth; but this is liable to vary according to the 
character of the season — in cold, ungenial summei’s 


the rate is less than in those of an opposite kind. 
And here we may give a very notable example, 
observed some years ago when collecting materials 
for a paper on the Forest Trees of Aberdeenshire. 
In the interior of the county, a number of ash- 
stumps, all at the same place, were found to have 
one hundred and eleven zones ; the trees had been 



Pigr. 15.— Vertical Section of Oak of 18 years' growth. 

(A)8ai>wood: (a) Hcartwood; (r) Bark. 

cut down — near the root — in 1838. On counting 
back from the external annual layer, it was observed 
that two of the zones, very much thinner than the 
others, corresponded to the years 1781 and 1782, 
On making inquiry of some aged persons, it was 
stated that 1781 was notable for its cold, ungenial 
summer, that 1782 was still worse, and, in fact, e 
year of famine in the North-east of Scotland ; even 
in October of that year the harvest was scarcely 
begun ; severe frosts and heavy falls of snow de- 
stroyed the standing corn, a laige propoi*tion of 
which remained uncut at the end of December. 
Here two ungenial years were permanently recorded 
in the heart of old trees. 

The larch, like the ash, has generally well-de- 
veloped layers, indicating comparatively quick 
growth. In cross sections of the Scotch fir, when 
of the ago of 70 years and more, the general 
chaiucter is unifonn and fair thickness of the 
zones, up to 60 years or thereby, after which they 
are thinner and thinner as age advances. 

In cross sections of pines from the north-eastern 
imrts of Scandinavia, there is often rather uniform 
thinness of the layers ; and in a very old stem from 
that quarter, they were so thin and numerous that 
we found it very difficult to count them — in other 
words, to get an approach to the probable age of 
such a stem. As a consequence of growth, we 
often observe a change of colour in the wood, as 
in the common laburnum, the zones near the 
centre being darkest in colour. 
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In all cases, the external or youngest layers are 
the most juicy and least dense, and every cariienter 
knows the difference between sap-wood and heart- 
wood. 

In this way plants grow. But how the flint of 
the soil is transferred into the substance of the 


plant, or in what manner that which gives no 
nourisliment is transformed into what is good for 
man and beast, is question whicli inquires the 
aid of chemistry in its explanation; and even 
then the certainties bear a dispro]x>rtionate ratio tc 
the doubts. 


LAKES, AND HOW THEY HAVE BEEN FORMED. 

By I'ttOFEhbOK P. Maktin Duncan, M.B. Lond., F.ll.S. 


L akes add greatly to the charms of mountain 
scenery; they often relievo the monotony of 
the country through which great livers are flowing, 
and in some instances their vast extent brings, as 
it were, the w’aste of waters within the land. 
Stupendous as may be the precipices, and awful 
as may be the gloom of the deep gorges of some 
mountain cliains, the absence of the broad silveiy 
streak of the lake, renders their influenco on the 
mind much leas impressive than when the rugged 
lines of i)eak and pass are relieved by the reflection 
of their outlines and shadows from the horizontal 
mirror of the land-locked water. The lake gives 
the high light to the dull colour of the hills, and 
its ripples and waves animate their quiet grandeur. 
Often when liidden amongst lofty mountains, the 
lakes look dark and solemn indeed ; but even then 
they give an expression of altitude and solidity to 
the sun’ounding hills, and render the appeanince of 
the nearly vertical rocks, whose feet are washed by 
them, all the more steep and inqwsing. 

The plains and low hills which border on many 
mountain ciniins, relieve the eye, tii’ed with the 
irregular outlines that roach flu* up towards the 
clouds; but when a lake is in their place, it en- 
trances the mind, and obviates the sensation of 
monotony. The great lakes of the world are as seas 
to the inhabitants of their shores, for the land is 
not visible on the opposite side ; and those who sail 
on them, have as many stories to tell about their 
dangers and marvellous doings, as the true salt-water 
sailor has of the ocean. Some lakes ai*e profoundly 
deep, are often agitated without the action of the 
wind ; and all which are in the neighbourhood of 
high mountains are subject to sudden and dangerous 
squallB. 

On looking at a map of the world, it will be noticed 
that some lakes are situated witlibut much order or 
relation to the mountains of the continents, whilst 
others crowd the path of the streams running from 


them to the sea. The largest lakes in Europe (the 
Euxine being called a sea) are far to the north, and 
those in the districts east and south of St. Peters- 
burg and in Finland are large and uninteresting. 
Further north, there are gi’eat lakes in Lapland ; 
and others — not mere swamps and pieces of water 
bounded by flat land — are found along the course of 
the rapid rivers running tlirough Sweden, fi*om the 
Scandinavian mountains. A large lake is in 
Hungary — ^the Lake Balaton. In Bavaria, south 
of Munich, there are many considerable lakes 
along the course of streams ; none, however, are so 
large as that of Constance, in Switzerland ; whose 
other great lakes are these of the Four Cantons, 
besides those of Neuchatel and Geneva ; while 
smaller ones are Lakes Thun and Zug. On the south 
side of the Alps, the large lakes arc tho.se called 
Maggiore, Como, and Garda. Our own beautiful 
lakes of Cumberland, Westmoreland, and of Scot- 
land (Fig. 2) and Ireland, are small in comparison 
with those just noticed ; and their size is equalled by 
many others in Switzerland, Italy, and in Austria 
about Salzburg and in Cai-inthia. France and 
Spain have no lakes of any importance ; but there 
are many small ones in Greece and Western Turkey. 

The Caspian is a vast lake, to all intents and 
purposes, and so is the so-called Sea of Aral. The 
other Asiatic lakes of impoHance, from their size, 
are the Lake Van and Lake TJrumiyeh, in Kur- 
distan; Lakes Balknsh, Kosgol, and Baikal (Fig. 
3), to the north ; and several in Tibet, and to the 
north-east of the Himalayas. In Africa there are the 
now familiar great lakes of the equatorial portion to 
the west (Fig. 5), and Lake Tchad in Central Africa; 
but there are none of any great importance in Aus- 
tralia, except Lake Torrens. North America, with 
its great lakes of Erie, Ontario, Michigan, Huron, 
Superior, and Champlain, has many othera to 
their north and some to the south (Fig. 4) ; and 
there is the celebrated Gre^t Salt Lake in Utah 
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Fig 1 ~Laxs Titicaca, SourH Axrrica 


in -the west. Lake Nicaragua is important in vast districts are without them. The salt-water 

the Isthmus, and tlio extraordinary T^ake Titicaca lakes which have no direct communication with 

^Fig, 1), in 8onth America, is the only one there the seas are very remarkable, and they are bug- 

of any impoitance, and it is small. Numerous gestive of the origin of many large lakes ; and 

very small lochs, tarns, and other pieces of water, equally interesting are the small, pond-like tarns 

whose extent is \ery limited, but whose depth surrounded by hills, and cut, as it were, like 

may be great, are not placed upon ordinary maps, basins out of the rocks, whose pure, cold, fh)sh 

but they are found in and about almost every water is the home of fish whose ancestors lived 

mountain range. Nevertheless, they are more in the sea The lagoon is rather a piece of sea- 

frequent in the northern regions of America and board cut off by debris or coral growth from 

Europe than anywJiere else. Swamps cannot be the surrouruling ocean ; but it may be the first 

considered as true lakes, but they often surround stage of a lake, should the land be uplieavod 

them, and it is extremely probable that many beyond the level and influence of the sea. Some- 

weie once worthy of the name, and that they times, in countries where the glaciers fill up the 

have since been filled up. If the pieces of wati'r upper valleys, their streams are dammed up by a 

which are conm^cted with swamps, and into which glacier crossing their path, llien a glacier lake is 

streams flow, are to be considered lakes, the foraied, which may be destroyed on the giving way 

number of them must be veiy considerable in of the barrier of ice. Lastly, in Australia, or regions 

some parts of the world ; but, on the other hand, where water is scarce enough, sometimes there are 
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small circular lakes, resembling others in Europe 
not far &om the banks of the Rhine, and in Central 
, Italy. Similar circular lakes are found in Oregon, 
and in the Equatorial Andes; and they are the 
sunken craters of volcanoes filled with water. 
Whilst some lakes have no outlet for their water, 
and yet receive the water-drainage of the hydro- 
graphical basin in which they are placed directly, 
or through the medium of the stream that runs 
into them ; others have streams issuing from them, 
and running seawaixls. Hence lakes may be 
divided into many heads — from their size, position, 
from the nature of the water, and from their 
having, or not having, streams to carry their 
water away , but best of all from their manner 
of formation. Almost all the great rivers are 
connected with small or great Likes somewhere or 
other dining their com se , but the rule is not in- 
variable, and some of the lakes whence some livers 
appear to aiise may lie very small. The great 
Afiican livers, the 11 lime, Rh6ne, and Danube; 
and some of tlio Russian rneis of Europe; and 
the Frasei’, Mackenzie, and Columbia, in Noith 
Ameiiea, and the St Lawience of the same 


continent, with its numerous branches, are instances 
of streams rising from lakes of different sizes, or of 
rivers passing through lakes on their way to the 
sea. On the other hand, a glance at a map will 
show that many important nvers never have to do 
with lakes at all, and that some flow into lakes 
which have no outlet to the sea. 

Lakes may, or may not, then, form part of rivei 
systems, and some play the part of the sea to their 
rivei’s. Some are situated far above the level of 
the sea in relation with the mountain systems and 
the origin of iivers, and others are found but little 
above sea-leiel. 

The depth of many lakes is great, and, in the 
case of some, which are high above the sea, their 
floor is really below sea-level. Others are not so 
deep, or tlieir great altitude only permits of their 
bottoms being far below the surface of the land, 
but still lugher than that of the sea-levol. Usually 
these pieces of water are surrounded by and rest 
in hollo>\s m locks of gieat geological age, whose 
haitlness and mqiermeable nature prevents the 
water escaping by downwai*d drainage, but some 
aie in the hollows caused by volcanic eruptions, or 
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by the smking down of volcanic cones into the 
earth. The smaller lochs and tarns are sometimes 
called rock-basins, from their giving the impression 
of having been sculptured out of the rock by 
natural agencies; and, indeed, sinking in, cracking 
of the earth, and wearing of hollows by the so- 
called ‘‘agents of denudation” and volcanic action, 
have had to do with the origin and progress of all 
lakes at some time or other of their existence. 

The highest lake of any considerable size is Lake 
Titicaca, in South America. It is situated about 
100 miles to the north of Arica, on the western 
coast, and it is 12,800 feet above the sea in the 
midst of a very great breadth of high ground. It is 
924 feet in its greatest depth. Many parts of it 
are shallow, especially towards the shores ; there 
ai’e islands in it, and the surface covera an extent 
of some 4,600 square miles. The lake i*eceives 
numerous streams at its northern extremity, but the 
eastorn and western water-sheds are low ridges, 
distant twenty or thirty miles, and their waters are 
intercepted before they reach the lake. A river 
issues from the south-western part of the lake, but 
it is a small stream which runs southwar<l, and it 
terminates, in about 180 miles, in another piece of 
water, called Lago del Desaguadero. Now the 
Lake Titicaca contains some kinds of animals of 
the class Critittacea (that to which crabs and 
lobsters belong), which are known in fresh water in 
many parts of America ; and one of them is found 
in Peru at a lower elevation of 3,300 feet, and also 
at Puerto Bueno, in the Straits of Magellan. It is, 
in fact, a marine crustacean which now lives in fresh 
water in Lake Titicaca, many thousands of feet 
above the sea, and there is no connection between 
the lake and the sea. Thei'e are many other proofs 
that the district which contains this lake was, not 
very long since, geologically speaking, near the level 
of the sea ; and some which, in combination with 
the occurrence of a sea crustacean in the fresh water, 
tend to prove that, still earlier, the lake was a deep 
cavity on the ocean floor. A small lake called 
Siri-Kol, at the origin of the Amoo (the modem 
name for the Oxus), is still higher than Lake 
Titicaca, while the “ Sacred Lakes ” of Tibet are 
14,965 feet above the sea. 

A great lake, which is about as large as the half 
of Scotland, lies amongst the steep mountains which 
skirt the high table-land of Central Asia to the 
north : it is Lake Baikal, and is in the midst of a 
catchment-basin (p. 209), which extends beyond 
the sliores in some places for a considerable number 
of miles, and in others comes precipitously to tlie 


very brink. About 1,800 feet above the level of 
the sea, it is about 400 miles long, and the mean 
breadth is between thirty and forty miles. It is 
very deep, and at the nortliem end the depth is 
1,373 feet, and it is said that in some places it 
reaches 800 fathoms deep. It has a bottom of 
pebbles, clay, rock, and sand, and was once much 
more extensive than it is now. Great rivers enter 
into it, one having a previous course of 300 miles, 
another of 450, and a third of 700 miles, and they 
drain a land-surface equal to the United Kingdom 
in size. Possibly 160 small streams and rivers also 
flow into the lake. On the other hand, only one 
stream — the mpid Lower Angara — cames off any 
of the vast quantity of water poured in, and it 
cannot possibly remove more than one tenth part. 
Situated at least 1,200 miles from the sea, with 
which it has no connection by river, and from which 
it is separated by mountains 3,000 feet in height, 
besides enormous plains, the lake, full of fresh 
water, does not overflow, in spite of the constant 
increase of influx of water over the outgoing. 
It contains amongst its \evy rich natural history 
many fishes and other animals which live in the sea 
elsewhere : sturgeon, salmon, and a species of seal 
which lives in the northern seas, are common. 
The climate is severe around the lake. The 
summer there is short, and snow falls at the latest 
in September ; a thick, cold fog covers the lake for 
days in the months of July and August. As in 
other instances of land-locked lakes well supplied 
with water, and out of which but a fractional part 
is carried by the stream, evaiKjration from the sur- 
face must account for its not overflowing. But it 
is extremely probable that there are underground 
cracks in wliich small rivers flow at a great depth. 
Neverthelesfe^, the occurrence of the sea-living fish, 
and the seal, infers, as in the case of Lake Titicaca, 
the former existence of this great inland sea as a 
cavity in the ocean floor. In the geological age 
when extreme cold pi*evailed over high latitudes in 
Europe, Asia, and America, sea-borne ice drifted far 
south over the land ; and ever since the expiration 
of that period, those formerly submerged tracts have 
been gradually elevated, the process being still in 
operation in some places. This was the time when 
Lake Baikal was uplifted with the surrounding 
continent, and seals and salmon could not escape, 
but have multiplied there ever since. The country 
around the lake suffers from earthquakes, and there 
are hot and sulphurous springs in the neighbour- 
hood. Moreover, geologists have detected' proofe 
that volcanic phenomena have been comparatively 
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lately in action there. There are islands in the 
lake which stand out of deep water, and, as will 
be shown on another occasion, they testify to a 
former state of things which preceded the con- 
tinental system of Northern Asia. 

On looking at a good map of Central Asia, it will 
be noticed that Lake Baikal has several small lakes 
trending at some distance from its north-east corner 
to the south and east ; and then Lakes Ebi-nor and 
Pei-lu, follow to the east Again, to the north-east 
of the great lake, there are several arranged in a 
line 01 * series. On the southern boundaiies of the 
lake, there are terraces on the sides of tlie hills one 
over the other, and they indicate that the body of 
water once beat upon them, they being relics of the 
beaches of the lake when it was broader and higher. 
Again, the western side of the lake is bounded by 
perpendicular cliffs which come down to the water's 
edge : they are undermined by the waves, and are 
broken down and ruined, after the manner of cliffs 
by the sea-side, and year after year the lake en- 
croaches on them and extends. It is stated that the 
temperature of tlie water does not follow the rule, 
and get colder with depth, but that it is slightly 
warmer in some places where very deep. Possibly 
hot springs may flow in hero and there, especially 
as the whole neighbourhood is subject to earthquake, 
and contains abundant evidence of not very remote 
volcanic action having been manifest. In the his- 
tory of this remarkable lake, there appear to have 
been several phases. First, the bed of the lake was 
formed (and how does not exactly seem capable of 
proof os yet) ; then it was filled with the wash-down 
of the rivers that poured into it. Secondly, this 
alluvium was washed out, and water occupied its 
place. And, lastly, the waters on the whole have 
retreated, leaving the rolics of the old alluvium upon 
the terraces. The numerous other lakes around, 
some of which contain the remarkable marine 
animals in their fresh water, formed once a num- 
ber of depressions in the broad sea which flowed 
far above the floor of Lake Baikal. The land rose, 
and these pieces of water and the great lake were 
left like so many pools after a flood.* 

The great lakes of Canada and the United States 
are in the course of the river St. Lawrence ; and if 
its catchment-basin be considered to cover 537,000 
square miles, they occupy at least 149,000 square 
miles of it The first, or the lake which forms the 
source of the water of the great river, is called 
Superior, and is more than 400 miles long, its 
extreme breadth being 175 miles, covering a 
* From Kotea by Professor John Ifilne, F.G.S. 


surface nearly as large as England (about 7,000 
square miles short) ; it 's a great inland fresh- 
water sea. Not situated at the altitude of T^e 
Baikal, it is still quite as interesting, for although 
its surface is only 627 feet above tide-mark in the 
Atlantic, its floor is positively lower than sea-level 
by some 160 feet or more. Probably this vast lake 
is larger than the great Victoria N'yanza of Eastern 
Africa, and surpasses all othei-s, which have 
fresh water, in size. The structure of the countiy 
around is remarkable, for it would appear that the 
surface of the earth mtist have been exposed to 
many changes of level there. Far back in tlie 
history of the globe there were volcanic eruptions 
there ; and tlie rocks, worn down and altered, remain 
to the present, to testify to the action of forces 
which produce elevation and sinking of the land. 
The oldest known hills and layers of earth bound 
the lake to the north, and a line runs along 
them, more or less from east to west, denoting that 
whilst the coimtry was land, and motionless to the 
north of it, the southern districts were the seat of 
repeated surgings when they collected the sediments 
washed down from the land end carried off by the 
rivero of the day. Hard, steady rock was and is 
as it were the neighbour of softer, and this latter 
has been subjected to movement. Long afterwards 
the erosion or wearing out of the softer earth began, 
and it may have proceeded for ages. It is certain 
that the sea once filled the lake, for the descendants 
of the sea animals are found in it, as in Lake 
Baikal ; and like that lake, the salt of the water 
has long since gone. The waters of Lake Superior 
flow into the great body of water in the shape of 
a bold bend which forms Lakes Michigan and 
Huron. The latter is connected by a small river 
with Lake Erie, and this with Lake Ontario, 
whose surplus flows over Niagara Falls into the 
river St. Lawrence. 

Further to the oast and to the south of this 
river is Lake Champlain. An examination of 
this small lake explains the general condition of 
this side of 'North America just before the present 
state of things commenced. There are terraces 
around the lake, of earth, containing shells, they 
being the relics of the old shores, at a height of 468 
feet. This Lake Champlain, then, formed once a 
depression on the sea-floor. The sea reached all 
over the State of Maine, and up in Canada to the 
borders of Lake Ontario, for the terraces or old 
sea-beaches are 500 feet high above water-mark at 
Montreal, and they contain sea-shells. Further to 
the noiih the shells and old beaches are 1,000 feet 
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abore sea>leveL Thus an arm of the old Atlantio above searlevel^HSome communicating, others not-^ 

came far inland, and a vast district was under the and belonging to two or three systems of land- 

sea. When uplifted to form the present land, the drainage, they are as yet full of mystery. The 

great river-valley and Lake Champlain became a Albert N’yanza is 2,720 feet above sea-level^ and 

trough and a great pool respectively. Great lakes its northern outlet leads to the Nila It is con- 

exist to the north-west of Lake Superior, such as nected, by means of a river and small lake, with 

Lake Winmp?g, and the Bear and Slave Lakes ; and the great Victoria N'yanza to the south-east. This 

on a globe the whole of this great series of lakes lake, but slightly smaller than Lake Superior, in 



Fig. a— L ass Baikal. 


forms a curve indicating the direction of the up- North America, is no less than 4,168 feet above 
heaving force which produced their present position, sea-level, and is 21,500 square miles in area. On 
The discovery of the great lakes of Africa in the the west of the southern half of Victoria N’yanzais 
east of the continent, and in the neighbourhood a lake with considei*able north and south length, 
and south of the equator, has been followed by but it belongs to another water-system, and the 
their being roughly surveyed, under stupendous dif- two lakes do not communicate. This is the Alexandra 
ficulties. When their depths and the nature of their N^auza. Lake Tanganyika is a vast lake, narrow, 
fish and smaller animals, and the nature of the but seven degrees of latitude in length, and 2,7 46 
geology of the surrounding country, shall have been feet above sea-level It forms one of the group, 
settled, their interest to us may possibly be greater and is to the south-west of the great lake, and south 
than that of any other inland sea ; for such they of the Alexandra N'yanza. These lakes are on an 
are. Vast masses of fresh water, situated high elevated table-land, from which rise up mountainB 
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which are their water-sheds ; and the rains, carried 
down their flanks by streams, flow into the lakes. 
Probably there are ^ree sets of mountains which 
separate the lakes, as just stated ; and all travellers 
who have visited those remote regions refer to 
evidences of volcanic action in the country. The 
lowest lakes are to the east of Tanganyika, and one 
of two small ones (Kassah) has an altitude of 1,750 
feet. 

Towards the south, the elevated table land system 


vegetation diflers in the three regions, and the 
forests of the northern districts — so monotonous 
from the preponderance of trees of the fir tube — 
are singulai*ly unlike those of the tropics, where 
vegetation runs riot, and large-leaved trees are the 
rule. The rainfall is probably greater m the 
African lake-district than in the others, but it is 
compensated for, by the rapid and constant loss of 
the lake’s water by evaporation. It is evaporation, 
to a certain extent, that keeps the greater lakes 



Fig 4 — Saiutqga Lake. Koath Averica. 


is lower, and in its midst, at the height of 1,300 
feet, is Lake N’yassa. It is separated from the 
other lakes by hills, and is to the south-east. 
It will have been observed that, whilst the great 
lake-systems of North America, comprising Lake 
Superior and those between it and the River 
St. Lawrence, and the African lakes just noticed, 
originate rivers of imposing size, Lake Baikal has 
no river that flows to the sea fix)m it. The climate 
of Lake Superior and Lake Baikal is much the 
same, that of the Asiatic lake being more genial 
than the other ; but the heat of the African lake- 
district is great, and the seasons do not change 
much. Tlie aspect of the country and of the 


from overflowing, for their outflowing rivers carry 
off a very small proportion of the water that falls 
every year. The northern lakes freeze during 
many months, and the rain is converted into snow 
before it falls during the winter; but still it is 
diflicult to accoimt for the waters of Lake Baikal 
not accumulating. 

A lake in Hungary has had much attention paid 
to it of late, because its general geography is not to 
be accounted for by one of the theories of the 
manner in which lakes have been formed. It is 
called the Flatten See, or Lake Balaton, and is 60 
miles long, 3 to 10 miles broad, and extends over 
420 square miles, being shallow, or only having the 
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depth of from 30 to 40 feet There is no visible 
outlet to the water, and several streams flow in. 
The lake does not occupy a valley amongst moun- 
tains, but it is environed by hills which are at some 
distance in relation to some parts of the lake, 
and some bold spurs of others come down to the 
water’s edge. It is a true dei)res8iou in the earth, 
and has muddy flats on its sides, and there are 
some i*aised ten*aoes or beaches on the hill-sides, 
testifying to its former gi’eater extension and 
depth. A peninsula juts into the lake, and is 
the seat of a volcanic cone ; this was once an island 
in the lake. The sha^^e of the lake is imlike that 
of those which are evidently formed within the 
cratei’s or bfisiii-shaped cavities at the top of worn- 
out volcanoes ; but equally irregularly shaped lakes 
have been formed more or less directly in connection 
with volcanoes. Besides those already mentioned, 
Luke Neagh, in hvlaiid, and Lake Tiberias, and 
the Dead Sea, are probably situated where there 
has been depression of portions of the land after 
volcanic action has ceased. (Professor Jtidd.) 

Borne great chains of mountains have lakes along 
their flanks, and in the former history of the globe 
this appears to have occurred also. The lakes of 
Geneva, Neuchatel, Bienne, and Constance to the 
north, and the Lago Maggiore and Lake of 
Como to the south, are instances. The countiy is 
very broken in their neighbourhood, and their pro- 
found depths denote breaking and curving of 
the layers of earth or strata. Huge lakes oocuiued 
somewhat similar positions near the main hills for- 
merly, but they became filled up with the rolled 
stones of the moantainfi, and now are recognised as 
important strata of the so-called Tertiary Age. 

Some lakes have been suiweyed after the manner 
in which the floor of the deep sea has been lately 
treated. Not only has their depth been ascertained, 
for the temperature of the water near and at the 
bottom has also been compared with that of the 
surface water, and the substances on their floor 
have been dredged up and examined. The Swiss 
lakes have especially been examined, and it has 
been shown that their great depths have a constant 
temperature of from 40® to 46° Fahr. The surface- 
water is warm during the summer, and does not 
freeze in the winter. The dredge brings up stones 
near the sides, but elsewhere and in the depths an 
excessively fine mud without a stone — a mud that 
takes days to settle down in a tumbler after it is 
disturbed. Down in those profound and cold depths 
the rate of motion of the water is extremely small ; 
wnat cuiTent there is, and the waves, are at the 
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surface, and therefore those lakes are 
out their floors and making theinsdves Oh 

the‘ contrary, they are slowly filling Vif wik the 
fine sediment brought down by the streame from 
the glaciers. Another and older proof that Hbm 
lakes are filling up slowly is that deltas are accumu^ 
lating where the main stream enters them. The 
bottom of the river Rhdne, for instance, is not 
many yards deep where it flows into the Lake of 
Geneva, which is very deep, and there is not much 
current to caiTy the mud brought down well into 
the lake. Directly the rapid water of the river, 
charged as it is with mud, falls into the tranquil 
lake, its velocity diminishes, and a corresponding 
quantity of mud falls gradually. This clings to the 
edge of the lake, and forms a mound under water, 
and after years, it comes up so close to the surface 
that land is formed. Along this new land the river 
branches, before passing to the lake. Whilst the 
lakes have been slowly filling up, their quantity of 
water has also been diminishing, for the remains of 
the old lake-shores are found in some places some 
considerable distance from the present ones, which 
are lower. By no i>osBibility can a shallow river 
falling Into a deep lake excavate its floor. The 
dredgings of the Lake of Geneva prove that living 
things exist in the dark, cold, muddy depths. Some 
blind cnistaceans live there, and others that have 
eyes also ; and some of the fish of the lake, together 
with these animals, denote that once there was a 
connection between it and the sea, probably through 
a river without great cascades. This same con- 
clusion holds good for all the great lakes that have 
the descendants of marine animals in them ; and 
therefore these vast pieces of water occupying gi-eat 
depressions or centres in the land existed, when the 
physical geogmphy of their regions was altogether 
different. Many small lakes in the northern parts 
of Europe, Asia, and America contain species or 
kinds of salmon and crustaceans that have 
descended from those which once came into the lake 
from the sea. Either the lake must have had a 
river reaching the sea, up and down which they 
may have travelled, or it must have once formed a 
depression like the larger lakes on the sea-floor. 
The Bi)ecies sometimes are the same as live in the 
distant seas ; and in most instances some trivial 
change lias occurred in ornament or shape, whilst 
the creatures have got used to water which lias 
become less salt and finally fresh. All the accu- 
mulating knowledge of late years on this subject 
has gone to prove that great lakes were originally 
salt, then brackish, and finally altogether fresh in 
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thdir watery atidthapraaienceoftheUt^ 
tfaimi prores tlmt they have not been filled up with 
eolid matter since the times of the salt water. Tip- 
heaved during the slow formation of mountain chains 
and gS oontiiients, the old sea-fioor depressions are 
now land^lakes, hundreds and even thousands of feet 
above their former level. Lakes are therefore not 
things of a few years’ duration : the majority are 
of vast antiquity, irrespectively of the comparatively 
late time during which they were lifted out of and 
beyond sea-range. In examining the geology of 
some countries, the filled-up hollows, and even vast 
extents of formei* lakes, can be made out. The 
nature of the hard rock which was their floor, and 
that of the fine clay and sand which gradually filled 
them up, has frequently been the object of study. 
Some of the old lakes have evidently silted up, and 
gradually dried their salt ; for many of them which 
were saline, formed rock-salt as they dried up ; and 
sulphate of lime also crystallised and formed layers 
of gy|)sum. Even the footmarks of the animals that 
lived ill these shallow waters, and wliich waddled on 
to the shore, have been preserved, and the clays and 
mud are often found to be crammed with minute 
shell-fish. Other great lakes, placed at a gi'eat 
altitude and near vast mountain-cbaiiis, as in the 
western tenitories of the United States of Ameiica, 
bui*st their boundaries, and the water flowing over 
the land and down streams, excavated these outlets 
and earned away their floors time after time, until 
profound ravines and canons were produced (p. 214). 
Then the lakes were drained ofi', an<l a flat country 
remained — the old lake-floor — surromided hy hills 
with terraces or beaches on them, one over the 
other — the old sides to the lake. The natural end 
of lakes is thus to fill up or to burst, and their floors 
to become dry. This is assisted by changes in the 
rainfall of the region ; and it will be evident, if the 
matter is thought out, tliat as the waters of the 
great lakes in the neighbourhood of mountains 
^minish, the evaporation from them will do so. 
Hence clouds and mist will diminish in the 
mountains close by, the rain will be less, and so 
will the snow. Tlie lakes give the rain which 
re-supplies thorn, and the snow which comes back 
as running water or ice. Formerly the A merican 
mountains near the great used-up lakes in the 
Western Territories hod a considerable rainfall, 
which came from this lake evaporation ; but now 
the lakes are gone, and the rainfall is small in com- 
parison. Sometimes an untimely end comes to 
lakes by molten rock or lava being poured into 
them from volcanoes. Thus, in Hindustan ther(‘ 


were lakes in abundance, in what is now the 
Deccan, or the high land from the coast^line of 
Bombay to the east, and extending north and soutL 
They had clay floors resting on hard rock, plants 
lived on the floor, and fish, frogs, and myriads of 
fresh-water snails existed. After awhile, volcanic 
eruptions took place, and molten rock poured into 
the lakes, filled them up, killed eveiything, and 
baked the clay bottoms with heat, altering the clay 
and the hard parts of the shells chemictdly. These 
lake-remains exist one over the other, in that 
region. 

But although it is not difficult to account for 
the ending of a lake, it is frequently very much 
so to frame a theoiy to account for the formation 
of the original depression in the earth wliich 
formed the floor and sides, and which, often pro- 
found in depth, jiemittod the water to rest as in a 
basin. How, for instance, was the original great 
trough in the earth called Lake Baikal formed, or 
how was that of the Lake of Geneva produced ] or 
the great broad hole of Lake Suiierior and Victoria 
N’yanza made! It has been assumed, from the 
nature of the assemblages of living things — the fauna 
of some of the great lakes — ^that they once were 
on the floor of the sea ; and probably this will be 
hereafter found to be true for the great lakes whose 
animals have not yet been examined carefully. 
But it is now known, thanks to the dredging ex- 
peditions of many countries whicli have examined 
the flooiu of the givat oceans, that the deep sea is 
veiy motionless at the bottom, and that it collects 
substances on its floor, and does not erode or scour 
it. There are some very deep holes in the ocean, 
and indeed the gi'eatest depths in the Atlantic and 
in the Pacific Oceans are circumscribed holes with 
shallow water around them. But these holes are 
being filled up j for the dredge brought clay from 
ofl* their floors, which is the result of the collecting 
together of earth, shells, and minerals, which have 
sunk down through the miles of water between 
their bottoms and the surface. Were the ocean 
floor to, be turned into land, these deep jilaces 
would be the great lakes of the future. Btill, it 
will be observed that the cause of the depression or 
hole is not explained. 

It has been stated that sometimes lakes have 
been formed by valleys, in mountains along which 
rivers ran, becoming blocked up. But how was the 
original valley formed ? for it forms the sides and 
floor of the lake. That question is easily answered 
by reference to tlie theory of the wearing out 
of valleys from the mass of the mountains by 
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atmospheric a^ncies, frost, running water, and, to a the earth are bent down in a remarkable manner 
certain extent, by ice The eaith>sculpturmg oc- close to the lake, and they appear to plunge below 
cuned fiist of all , then, dunng one of the many its floor So vast weie the movements ot old at 
great movements of the crust, upheaval took place the eastern end of the Lake of Geneva, that some 
in the course of a valley, and the water was stiata of vast thickness have been capsized and 
dammed up This is a clear case A landslip may turned over. The southern hills of this lake were 
move a mass of earth and rock across a -valley stationary more or less whilst all this curving and 
stream, and the watei will be dammed up, and if displacement occuried to the north Breaking up 
the impediment is lasting, there will be a lake Oi of the surface foi hundieds of feet must accompany 
a glacier may descend acioss the path of tvnothei, such movements, and the dismtegration or crum- 
and the stieam underflowing the last will be blmg of the earth would be assisted by the streanis, 
dammed up, and a glacier lake pioduced In so that deep valleys would be foimed The moun- 
examining the stinctuio of the earth noai largo tain called the Righi, on the top of which touiists 
lakes, i)roofs aie afloided of formei changes in it, assemble to see the sun nse m the Alps, is close to 
and these pieccded the foimation of the oiigmal another Swiss lake, and this lull has been turned 
hollow, or else occuiicd whilst it was going on upside down, and stranger still, the mountains out 
Sometimes, as m Lake Super loi, one side of the of which its pebbles weie formed — foi it is made up 
lake is formed of locks and lulls which have been of water worn stones — have disappeared by sinkmg 
stationary dunng the lepeated smkmg and up down below the surface Sinkmg down would 
heaval of the earth in their neighbourhood , and, as assist lake hollow mg, so it is necessary to believe 
in some of the Swiss lakes, the stiata oi layois of that crust movements and crumbling produced these 
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lakes, foi' it is evident tliat their water could not 
have hollowed them out. A theory, taught with 
great ability by Sir Andrew Ramsay, states that in 
the Glacial Ep^, when cold reigned supreme in the 
northern paits of the earth, tlie glaciers of the hills 
came into the plains, and, meeting with im^iedi- 
ments to their progress, ploughed up the earth and 
made the gimt lakes. There is no doubt that the 
Swiss lakes wore filled with ice to a certain extent, 
for rocks were carried from one side to the other 
on ice ; but there could bo no movement in a mass 
of ice sufficient to gouge out earth, in a Ixollow, 
hundreds of feet deep ; and if there wore, the earth 
gouged out could not be removed. It does not 
appear that the Alpine glaciers originally made the 
valleys in which they arc found, though doubtless 
they enlarged both them and the fjords or lochs 
found on the western shoixis of so many countries. 
Accirdingly this theory, which may be true for 
small tarns and lochs, and for some shallow valley- 
like lakes ill the course of mountain streams* 
will not hold for the great lakes. The presence 
of volcanic matter, or of proofs of volcanic action 
having taken place near some lakes, is important ; 
for Darwin and others have shown that after a 
volcano has be(*u built up, th(5re is a tendency for 
its base and the neighbouring district to sink 
down. Volcanoes are situated on lines of unstable 
earth ; and it is very remarkable that the greatest 


depths of the modem oceans should be close to 
land where the volcanic action is or has been 
great. The undermining and falling in of the 
ocean floor by volcanic matters being abstracted, to 
make volcanic hills close by, is a cause of lake- 
formation on the grandest scale. The formation 
of circular lakes in the craters of extinct volca- 
noes is a collecting of water in a basin-sliaiKid 
hollow, the rim being made up of matters cast 
foi*th by the same volcano. Lake Balaton is, of 
course, a striking instance of a lake having a 
volcanic origin, and Prafessor J udd has shown that 
it could not have been excavated by ica Some 
small lakes may have been made by water j^uring 
down on the rock through iMissages in glaciers 
when they covered the country ; but many little 
lakes are found to have a relation, so far as their 
position is concerned, to cracks in the earth, which 
are callpd “ faults ” — cracks and dis[)hicemcnts by 
which the surface of the earth has Ikhju let down 
on one side cf a line. Rocks of diflerent hardness 
are here brought against each other, and the softer 
weare off the more readily, and a hollow is made. 

Hence a i)eaceful lake, hidden amongst the hills, 
the very emblem of quietude and rest, has a great, 
complicated, and somewhat stem ancestry, and its 
history from its birth is connected with the 
gmndest movements and energies of tlie earth’s 
crust 


THE RULER OF THE SOLAR SYSTEM. 

By lllCIlARD A. PllOCTOB. 


I HAVE considered the nature of the celestial 
mechanism, and its mainspring. Now I have 
to describe the orb in which nearly the whole of 
that gravitating energy resides which is the main- 
spring of the solar system — the sun. 

This noble globe, the mightiest and most massivo 
body wliich we can see as a globe (though not the 
mightiest in existence), lies at a mean distance from 
our earth of about 92J millions of miles. His 
greatest distance (about July 1st) is neai'ly 94 
millions, his least (about January Ist), rather less 
than 91 millicms of miles. It may serve to give 
some idea of the vastness of the sun’s distance 
(though we cannot in reality conceive such a distance, 
no matter how it may be presented), to mention that 
a ball fired from an Armstrong gun at the sun 
would require 13 years to reach hixui supposing its 
40 


velocity to continue unchanged throughout the 
journey. Tlie sound of the explosion, if that could 
reach the sun, travelling at tlie same mto as sound 
in air, would roach him half an hour later. Liglit, 
although it travels at the rate of about 186,000 
miles per s^oiid, takes 8 min. 18 sec. in reaching 
us from the sun (p. 190). 

It is very easy to find out what the diameter of 
the sun is when his distance is known. It will be 
found that any round ball must be set at a distance 
equal to about 107 J, or more exactly, lOT-j*^ times 
its own diameter to hide the sun exactly when he is 
at his mean distance (about April 1st and October 
1st). Hence we learn that the sun’s distance ex- 
ceeds his diameter 107^"^ timea His diameter is 
therefore about 860,000 miles, or exceeds the earth’s 
nearly 109 times. It follows that the surface of 
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the sun exceeds the eartli^s about 11,750 times, 
while in volume the sun exceeds the earth about 
1,260,000 times. Of these tlu'ee relations, diameter, 
surface, and volume, the second — surface — is al- 
together the most important, since it is from the 
surface of the sun that we receive the supplies of 
lighL and heat which make the sun the light, as he 
is the life, of the solar system. Fig. 1 shows the 
relative dimensions of the sun and of the eai^/h. 



Fig. 1.— Showing the relative Dimeiutions of the Son Cs) and of the 
Earth (v). 


But we have to consider next a relation far 
more imiKirtant — that quality of the sun, namely, 
by virtue of which he is enabled to bear sway over 
the solar system — his mass. 

I have not described how the sun’s distance has 
been determined, liecause the various methods by 
which this has been done will require description 
in a separate chapter. But the determination of 
the sun’s mass may properly be considered here. 

We have seen that Newton proved the earth’s 
gravity to be the force which controls the moon in 
her orbit, by showing that the force which draws 
bodies earthwards iniquires only to be reduced 
in a degree corresponding to the moon’s distance, to 
become exactly equal to the deflective force earth- 
wards which the moon constantly experiences as 
she circuits round our earth. Now, we know what 
is the deflective force sunwards which the earth 
experiences as she circuits round the sun. For we 
know her distance from the sun, and the length of 
the time (one year) in which her circuit is com- 
pleted. When we calculate from these data* how 

* I leave the oalonlation as an exeroiae for the student ; but 
the following hints may help him : — Let him first find how far 
the earth travels in a second —he will find the distance tc* be 
about IS) miles. Add the square of ISJ to the square of 


great the foixse is which is constantly deflecting ilie 
earth sunwards, we find that the pull of the sun 
at the earth’s distance is less than the pull of the 
earth on bodies at her surface (or 3,960 miles from 
her centre), in about the proportion of 1 to 1,675. 
But since the sun’s distance exceeds 3,960 miles 
about 23,300 times, or is i*eduoed (as compared with 
the earth’s on bodies at her surface) 23,300 times 
23,300 times, it follows that at equal distances the 
sun’s pull exceeds the eartli’s as 23,300 x 23,300 
exceeds 1,675, or roughly 325,000 times. When 
the calculation is made carefully, the exact dis- 
tances being taken, we find that the sun’s pull 
exceeds the earth’s at equal distances 326,800 
times. But we know that the force of gi’avity 
depends directly on the quantity of matter. Where- 
fore, we learn that the sun’s mass exceeds the 
earth’s 326,800 times. This proportion is not 
so gi’oat as that (1,260,000 to 1) in which his 
volume exceeds the earth’a It follows that his 
mean density is less than the eartli’s in the same 
degree that 326,800 is less than 1,260,000, or 
roughly his mean density is about a fourth of the 
earth’s. More exactly, his density is to the 
earth’s as 255 to 1,000. This is his mean density. 
The actual density of his internal regions may be 
far greater. Indeed, I sec reason to l>elieve, fi'om 
certain circumstances recently recognised, that the 
central or nuclear parts of the sun possess enoimous 
density. The mean density, however, of the sun, 
as we see his mighty orb, is only about one-fourtli 
that of our earth. According to the best estimaU'S 
yet obtained, our earth’s mean density is al)Out 6§ 
times that of water. It follows that the sun’s mean 
density exceeds that of water about as 13 exceeds 9. 

To aflbrd an idea of the tremendous power re- 
siding in the sun’s mass in virtue of its gravitating 
energy, let it be noticed that if our eai'th, without 
being larger than it now is, contained as much 
matter as the sun, eveiy object on its surface would 
be drawn downwards with a force exceeding 326,800 
times that with which it is actually drawn. Thus, 
a mass which now weighs one ounce would weigh 
326,800 ounces, or about 9 tons. A man of average 
size would be crushed to the earth as under a weight 
of about 25,000 tons. A mass now weighing one 

02,300,000 ; the square root of the sum will be the earth’s 
distance from the suu at the end of the second, if the sun’s 
gravity had not acted ; and taking 92,300,000 miles from this, 
we get the amount by which, under the action of gravity, the 
earth has been deflected towards the sun. It will bo a very 
small decimal of a mile, and must be reduced to the decimal 
of a foot, for comparison with gravity at the earth’s surface, 
which, as we know, causes a body to fall 32t feet in a second 
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ounoe^ if rakied a single inch from the Surface of the 
earth and let fall, would strike a blow aa tremendous 
as if a mass now weighing 9 tons struck the earth 
with three times the velocity of an express train. 

Such is the energy residing in the sun’s mass. 
If wo could imagine it all gathered into a point- 
like globe, this globe would exert the attraction 
just described on bodies at a distance of 3,960 
miles. But as the sun’s globe is very large, no 
mass is actually exposed to this tremendous attrac- 
tion ; for any mass outside of him lies more than 
430,000 miles from his centre. But even at his 
own surface, or what seems to us his surface, his 
attraction is tremendous, exceeding terrestrial 
gi’avity 27 J times. At the distances of even the 
nearest members of his family the sun’s atti*action 
is, of course, far less than terrestrial gravity. The 
motions of all the ])lanets are such — the nearer 
travelling the more swiftly — that the sun’s force 
Budices to keei) most of those orbs travelling in 
paths of small eccentricity around him. Thus, 
their distances from him do not greatly change as 
they complete their circuits, and they receive from 
him a nearly uniform supply of light and heat. In 
the case of Mercury, however, and in less degree in 
that of Mai’S, the change of distance is large enough 
to make the supply of light and heat vary con- 
siderably in the coui'se of the planet’s circuit round 
the sun. 

Now let us consider what the telescope tells us 
about this wonderful globe, the fire, light, and life 
of the solar system. 

It was in the year 1611 that Fabricius, Galileo, 
and Scheiner first studied the sun with the tele- 
scope, They discovered that there are spots on the 
sun’s surface. Tliey saw the spots move acixiBs the 
sun’s face from east to west, and at first they 
supposed these spots to be bodies travelling round 
the sun. But after a time they recognised the fact 
that the spots are, as it were, surface-markings, 
earned round with the sun’s globe as it rotates on 
its axis. They also found that the spots are not 
peimanent features, but last only for a few weeks 
or days, as the case may be. It would be interesting 
to follow the actual progress of their observations, 
and of subsequent telescopic study of the sim ; but 
the requirements of space render it more convenient 
here to proceed at once to consider the results to 
which such researches have led. 

Pig. 3 represents the general aspect of the sun 
as seen with a telescope of small power, when there 
are many spots. It was drawn by me on September 
25, 1870, with a telescope only 2^ inches in 


aperture and not much more powerful than the best 
of Galileo’s telescopes. The figure of the sun is pre- 
sented not as actuallylphown by the telescope, wMch 
inverted the image, but in its proper }K)8ition — as 
also Galileo’s telescope would have shown it, for 
the Galilean telescope does not invert objects seen 
through it. 

It will be seen that the spots are not uniformly 
dark, but show certain dark, almost black portions, 
round which lies a region of dusky tint. Tho 
dark part is called the umbray the border region is 
called tho penumbra. When a telescope of con- 
siderable power is used, and the field of view is so 
reduced that only the umbra of a spot can be seen, 
it is found that the umbra is not black, and often 
there can be seen in tho middle of the umbra a 
darker spot, which has been called the rmeleiua. 
Even this, however, is not black ; for it has been 
found by Professor Langley, of Pittsburg, in 
Amenea, that if a vei’y small portion of the 
nucleus is examined (through a pin-hole opening) 
it shines with an intensely blight violet colour.* 

The sjxits are often of immense size. One which 
was visible in August, 1859, had a diameter of 
58,000 miles ; another, seen in Jtme, 1843, had a 
diameter of 74,000 miles, or more than nine times 
the diameter of the earth. The largest spot yet 
I’ecorded was seen in tlie year 1858. It had a 
diameter of about 144,000 miles, and it has been 
computed that the cavity then existing in the sun’s 
surface-matter would not have l)een more than 
filled by the substance of a hundred globes as lai’ge 
as our earth. 

Fig. 3 shows that the spots on the sun are not 
only of different size, but of difierent ap^iearance. 
Some, like the great central spot, show seveml 
umbrse, others show only one or two. Those 
varieties belong in reality to difierent stages in the 
existence of a spot. When first fully fomicd, a 
sun-spot usually presents such an appearance as is 
shown in Fig. 2, a single umbra (in 
which, with higher jxiwer, there is a 
nuclea.r dark s|x>t) surrounded by a 
penumbra, both umbra and penumbm 
having well-defined outlines. Later, 
the umbra becomes broken up by the 
apparent inrush of bright matter from outside the 
penumbra. 

The s}K)ts vary considerably in duration. Some 

• Daring the transit of Mercury, on May 6, 1878, however, 
Frofeiaor Young, of Dartmouth College, Hanover, New Hamp- 
shire, found the aame violet colour on the diio of Mercury. 
We muat therefore auppoae it to be tho light of our own aky. 
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remain only for a few days, or even hours, others 
last for weeks, and a few have remained for several 
months. 

While as yet a lai^ spot shows only a single 
umbra, it usually changes little in shape , so that 
at this part of a si)ot*B career it is possible, by 
studying its varying aspect as it passes across the 
visible hemisphere of the sun, to determine what 
its true shape may bo — whether it is a mere surface- 
mark, or rises above the general level of the sun’s 
surface, or lies below that level. Dr. Wilson, of 
Glasgow, observing in this way a very large 
roundish spot, which was visible on the sun in 
1777, found that the dark part of that spot, at any 
rate (whatever might be the case with others), lay 


below the penumbra. I have said that Uio spots 
move across the sun’s disc from east to west 
(Fig 3). Now it IS obvious that such a spot as is 
shown in Pig. 2, if it were leally a suiface-marking, 
would be foreshortened in the same way whether on 
the eastern or on the western side of the sun. The 
spot would be narrowed, and the penumbra on 
either side of the umbra would be narrowed in the 
same degree. But if a spot is either an elevation 
or a depression, this will not happen. Suppose a 
spot is a saucer-shaped depression, for instance, the 
dark umbra corresponding to the bottom of the 
saucer. Let a (Fig. 4) represent the interior d a 
saucer, the shaded pait being the bottom. Then 
such a saucer, placed in the position of a s|x>t lying 
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on ike kemiephere k e s w (Fig. 3), near £ (Fig. 3), 
would appear aa akown at c (Fig» 4) ; and if placed 



A 

Tig. 4.--' Showing l)Ow the Chan gen seen in S\in*Sx>ot8 as they cross 
the Snu's Face are explained. 

in the position of a sjwt lying near w (Fig. 3), it 
would appear as shown at b (Fig. 4). Whereas, if 
A represents tlie exterior of a saucer, the asi^ect b 
would be presented by the saucer in the position of 
a si>ot near e, and the as{)ect c by the saucer placed 
like a spot near w. Now, Wilson noticed tliat the 
great spot of the year 1777 cliangeJ in aspect in 
the former way, not in the latter — that is, behaved 
ill such a way as to show that the umbra lay below 
the geiieml level of the sun's surface, the jienumbra 
forming the slant sides of a saucor-sliapcd depres- 
sion. Ho found that as the spot passed over from 
the middle of the sun towards the west, the |Ksn- 
umbm, which had been (Hjually wide all round, no 
longer remained so. On the eastern side the i>en- 
umbra rapidly narrowed, while on the westem side 
it remained unchanged in breadth, or nearly so. 
At length, when the spot had drawn very near the 
western edge of the sun, the eastern side of the 
jienumbra disappeared altogether, wliile the western 
still retained considerable breadth. But when, after 
being out of view for half a rotation, the spot re- 
apjwiared on the eastern side of the sun, its aspect 
was entirely changed. No iienumbre was visible 
on the westem side, while the eastern penumbra 
was broad and well defined. As the spot approached 
the middle of the sun's face the penumbra recovered 
its original equality of breadth. As the spot 
passed over to the westem edge, the appearances 
before recognised in tliat neighbourhood wore re- 
peated. 

It will be seen from Fig. 3 that the peculiarities of 
appearance recognised by Wilson are certainly not 
always displayed by s\m-spota. But it so happens 
that nearly all the large spots which were visible on 
the sun when that picture was drawn were irregular 
in shape. They were in the later stages of a spot’s 
career, when the umbra has broken up into several 
parts, and a general disturbance seems to pervade 
the entire region ocoupied by the spot 

Fig. 5 presents the appearanoe of a spot when 
the umbra has become broken up into several 
distinct portions* It also shows the dilTerent 


degrees of darkness of different parts of the umbra. 
Fig. 6 represents the aspect of a spot shortly before 
its disappearance. ^ 

Under high tele- 
scopic power, the 
entire surface of the 
sun is found to be 
mai’ked by minute 
irregularities, Nearly 
always there is a 
certain mottling of 
the solai* disc, which 
can be recognised 

with telescopes of moderate jicwer. But when the 
air is still and pure, and a high telescopic power is 
used, a much more delicate 
feature can be recognised. 

The whole surface is found 
to be covered with small 
inbmsely bright dots spread 
ineguJarly. Tlieso have 
been called the solar rice- Fi^. a— Last StoK© of a 

grains. Under yet higher Sun-Spot 

poweiB tliese bright dots become in turn divided 
into congeries of still more minuti) points of light. 
It is well to distinguish the Uiree orders of iiregu- 
laiity as follows : — 

Firet, the mottling which is visible with very 
moderate telesco23ic jiower. 

Secondly, the rice-yrahiH, to l>e seen only with a 
good telescojie in favourable observing weather. 

Thirdly, the grmmlea which make up the rice- 
gi’ains, and can only be seen with very j^owerful 
telescojies, and when the air is very still and clear. 

We owe to Professor Langley, of Pittsburg, the 
recognition of the actual structure of tlio lice- 
giuius. 

Ill tlie neighbourhood of sjiots, and occasionally 
also where there is no sjiot, the in*egular bright 
sU*eak8 can be seen, as tliougli the nce-grains, which 
are usually sjiread with tolerable uniformity over 
the surface of the sun, had been crowded together 
in certain places, so as to fonn irregular ridges of 
brightness. These streaks were recognised by the 
first observers of the ‘sun’s s|x)ts, and received from 
Hevelius the name of faculcB, from the Latin word 
facfutla^ a torch. They can be better seen near the 
edge of the sun than in the middle of his disc, where, 
indeed, it requires a good telescope to see them 
well, even round a spot But they can often be 
seen encroaching on a s 2 )ot, even near the middle of 
the sun’s disc. E8})6eial]y can these bright patches 
be thus seen in the last stages of a spot’s career, 
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at which time they not only encroach on the 
penumbra, but often extend across the entire sjwt, 
forming bridges of intensely bright light. It is, in 
foot, usually by the invasion of these bright masses 
that the single umbra of a spot becomes broken 
up into two or more separate umbrae. 

Near a spot the rice-grains are not irregularly 
rounded masses as they are elsewhere, but often 
appear elongated, a peculiarity which becomes more 
clearly recognised in the peniunbra itself, which 
usually consists of elongated streaks directed towai-ds 
the umbra. The peculiarity is partially indicated in 
Pig. 5. Fig. 7 shows a sun-aiwt as drawn by Mr. 



Fiy 7 ~View of a l>y Naainyth. 


Nasmyth, who gave to the elongated rice-grains the 
name of mllo^jo-leaves, by wliich they were long 
known. His opinion, however, that the whole sur- 
face of tlie sun is covered over with bright leaf- 
shaped masses interlacing, as shown in Fig. 7, Ims 
l)een shown to l)e incorrect. The best drawings of 
sun-spots yet made are those by Professor Langley, 
from one of which Fig. 8 is taken. It is intended 
specially to show the distinction between the bright 
rice-grains outside a spot, and the bright streaks 
in the penumbra. Professor Langley considers that 
the sti'eaks and rice-grains are in reality the same 
objects, a rice-grain being a top view, while a 
streak is a side view, of a long bright filament. 

It must be remembered always, however, that 
though the rice-grains and the streaks are spoken 
of as minute, they are in reality very large objects. 
The smallest granule probably has a diameter of 
more than a hundred miles, nor can the finest of 
the thread-like objects shown in Fig. 8 be much 
less than fifty miles in breadth. 

The spots are not spread equally over the sun’s 
globe at any time, nor are they equally frequent at 
all times. 

Fig. 9 shows the two zones of the sun’s sitrfaoe 
on which alone spots are ever seen. £ e’ is the 
equator, on or veiy near to which spots never 
appear. On either side are the two spot-zones. 


reHembliiig somewhat in position the two tempmuie 
zones on the surface of our earth. In the sun’s 
polar regions spots are never seen. FocuIch are not 



Fig. b.— View ot a 8uii-Six>t, by Professor 8. P. Lmigley. 


limited to these two zones, though they are more 
frequently seen there than in either the polar 
regions or near the solar equator. The mottling 
can be recognised over the entire surface of the 
sun. 

It has only been by the study of the solar sjwts 
that the position of the equator and poles of the 
sun, and the rate of the sun’s rotation, have been 
recognised. The task has not been so easy as it 
would have been if the spots wore marks on the 
Buifttce of a distant rotating solid globe. It has 
been found that they not only move from or 
towards the equator, and parallel to the equator, 
but that spots at different distances from the 
equator have different rates of rotational motion, 
oa tJumgh the equatorial parts of the sun’s surface 
were turning round more quickly than the i>arts 
nearer to the poles. The equator seems to be 
carried round once in 24 days 2 houra ; in solar 
latitude 15® N. and S., the rotation period is about 
25 J days; in latitude 30®, it is about 26 J days. 
These ai*e the real, not the apparent rotation 
periods ; as the earth is advancing the same way 
round the sun as the spots are carried, and in the 
course of 24 days completes a considerable arc — 
nearly 15® — of her orbit, it follows that after a spot 
near the sun’s equator has made a complete rotation, 
it has still to he canied round more than 15® before 
it seems to have made a complete rotation as 
viewed from the moving earth. Thus the apparent 
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roUtion period of the Bun is increased by rather 
more than a day. 

The axis on which the sim rotates is inclined 
only about 7® from upright- 
ness to the plane of the 
ecliptic in which the earth 
travels round the sun. 
Thus we never see the sun's 
equator much curved. It 
is sliown in Fig. 9 about 
as much curved as it ever 
is, and as it ajipears about 
September 5, the northern 
pole being in view. About March 6 it is equally 
curved the other way, or with the convexity up- 
wards, the southern pole being in view. On or 
about December 6 and June 5, the solar equator 
forms a diameter of the solar disc, the poles of the 
sun lying at the edge of the disc. 

The variation of the spots in nural)er at different 
times is one of the most remarkable of all the fjicts 


ng. 9.— Showing the Zones 
of tho Btm's Surface on 
which Spots aia>ear. 


known respecting them. Tho discovery was made by 
the late Herr Schwabe, of Dessau. From a series 
of observations commenced in the year 1826, and 
carried on for nearly half a century, he found that 
tho sjiots increase and diminish in number in an 
almost regular manner. From the time when they 
are most numei’ous they gradually diminish in 
number, until at length none are seen ; then after 
a year or two, duinng which scarcely any spots are 
seen, they increase in number until they again 
attain their maximum frequency. The entire 
interval between two successive e]>ochs of gimtest 
frequency is about 1 1 years 1 month. But although 
in any very long period this interval is recognised 
as the average, the actual interval between two 
successive epochs of greatest spot-frequency often 
exceeds or falls short of 11 years 1 month by two 
or three years. 

Some peculiarities of this singular law of periodi- 
city must be notice<l. 

The increase in the number of spots occurs some- 
what more rapidly than the decrease, about 
years being the usual interval between the time of 
fewest and the time of most spots, and about 6i 
years being occupied in the gradual diminution of 
the spots in number until none are seen. 

As the sun is without simts for several successive 
months, it might seem as though the epoch of 
absolutely least disturbance could not be deter- 
mined. But in point of fact the condition of the 
sun's surface changes notably even during the time 
when no spots are seen. The mottling becomes 


less and less recognisable, and finally disappooi's 
altogether for a few weeks. Again, the sun's disc, 
which at all other times is darker near the edge 
than in the middle, assumes for a few days a nearly 
uniform brightness. It is when this is observed 
that the ejxMjh of least disturbance may bo con- 
sidered to have been reached. 

As yet little is known I’especting either the causes 
or the eflects of these changes in the sun's condition. 
Mr. De la Rue and others, who have continued the 
work of systematically i*ecording S])ots, believe tliat 
minor periods can be recognised, which they asso- 
ciate with the movements of certain among the 
planets competent (os they believe) to produce a 
sort of tidal action on the sun. But tho evidence 
is very unsatisfactoiy. Tlie opinion that the ])lanet8 
may thus affect tho sun was based on tho idea that 
the great eleven-year ijeriod of disturbance was due 
to the action of J upiter, and synchronised with his 
motion around the sun. But it has l>cen proved 
that the average of the Bpot-i)eriod camiot exceed 
11 yours 2 months, and Ju]>iter’s 2 )oriod of re- 
volution is about 11 yeai*s 10 months. The dis- 
crej)ancy is far too great to 1>€ overlooked. As 
tho late distinguished solar observer, Canington, 
remarked, the greatest numl)er of s[)ots may for 
a long time be see^i when Jupiter is nearest to 
the sun, as though his greater disturbing action 
on the sun produced them in some way ; but after- 
wards, for an equally long time, tlio greatest number 
of spots will l>e seen when Jupiter is farthest from 
the sun. As for the minor periods of solar disturi>- 
ance, they have not yet been satisfactorily estab- 
lished ; it will l)e time enough, when they have 
been, to inquire whether they agree with i)articular 
planetary periods. There are, however, so many 
such periods — tho circuits of the planets round tho 
sun, theii‘ conjixnctions with each other, their pas- 
sages to the north and south of the sun's equator, 
and of other planets — that we may be certain before- 
hand of finding a j)eriod of some kind which will 
correspond with every period of solar disturbance. 
Tliis l^ing tho case, the significance of such agree- 
ment is very doubtful. 

So, also, great doubt still exists with regard to 
the influence of sun-six>ts on terrestrial relations. 
An agreement was supposed to have been estab- 
lished between the great sim-spot period and changeir 
in the earth’s magnetism. But it is doubtful whether 
there is any real correspondence. At any rate, if the 
students of terrestrial magnetism are right in asseit- 
ing that the period of magnetic change (the waxing 
and waning of the needle's diurnal osdllationi^ ia 
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aliout 10 yeai*s, and if astronomers are right in 
assigning llj^ years as the sim-spot period, it is 
quite certain that at one time the greatest magnetic 
disturbance will agree with the time of most sun- 
spots, while almost half a century later it will agree 
with the time of least sun-spots. Variations in the 
amount of heat received from the sun during the 
progress of the sun-spot i)eriod seem to have been in- 
dicated by the researches of Professor Piazsd Smyth, 
Astronomer-Royal for Scotland ; but the changes 
are very slight. Weather-changes in different coun- 
tries have been also associated by some with the 
frequency or absence of sun-si>ots ; but I must con- 
fess the evidence appeal's to mo thus far exceedingly 
weak. 

A singuhu’ circumstance hius been recognised with 
regard to the latitude on the sun in which sjiots 
apj)eHr at different parts of the gi*eat spot-j)orioil. 
As the spots get less and less numerous, it is found 
that tho new grouj)s make their ai)poarance nearer 
and nearer (on the average) to the equator. But 
after the sjMitless interval, new groups apjiear at a 
considemble distance from tho solar equator. The 
meaning of this i)eculiarity, the discovery of which 
is due to Carrington, has not yet been recognised. 

We have thus far considered the sun only as the 
ruler of the solar system, and as the telescope pi’e- 
sents him to us. We have still to inquiie into the 
sun’s actual condition, to learn what he is made of, 
at what heat he subsists, how the supply of heat 
which he constantly emits is probably maintained, 
and to consider also tho wondoiful apiKjndjigos which 
surround his globe, but are visible only when the 
glory of his face is concealed in total eclipse. Those 
matters are far too interesting to 1)6 dealt with 
cursorily in the short remaining simco liere available. 
They will, therefore, be sejiarately considered in an 
account of the sun — oui‘ fire, light, and life. 

To sum up what we have learned re8j>ectiiig tho 
sun as ruler of tho solar system : — 

The mighty orb of the sun lies at a mean distance 
of 92^ millions of miles from the earth, his greatest, 
mean, and least distance being relatively as the num- 
bers 61, GO, and 59. His diameter is 860,000 miles, 
exceeding the earth’s about 109 times. He ex- 
ceeds the earth in surface 11,750 times; in volume 


1,260,000 times ; in mass (and therefore in attrac- 
tive energy at equal distances) 326,800 times* The 
telescope shows that the sun’s surface is not ordi- 
narily of uniform brightness, but is marked by spots, 
which vary in size, number, and duration. The 
largest have had a diameter of more than 100)000 
miles. Some sj^ots last only a few days ; others for 
several months. The dark central region of a spot 
lies below the general surface of the sun ; but the 
evidence on which this conclusion is based can l)e 
de|>ended on only when a sj>ot is rounded in shape, 
and undergoing slight changes. Examined with 
high telescopic i)Owor, the sun’s surface is found to 
be covered with multitudes of small blight dots, 
called rice-grains, which are themselves divided by 
higher telescopic ix)wer into still smaller points of 
light, called granules. The arrangement of the 
rice-gi*ains into regions of greater or less aggregation 
produces the appeamnee called mottling ; while the 
crowding together of the grains into long streaks 
forms the f^unilse. In tho jienumbra of a sjiot the 
grains are seen as streaks of light. Siiots are only 
seen on two zones of the sun’s surface, on either 
side of the equator. But faculue are seen all over 
the sun, though most frequently in the spot-zones. 
The solar eciuator-plane is inclined about seven 
degrees to the plane of the ecliptic. The earth 
crosses the extension of tho sun’s equator-plane on 
December 6th and June 5th. Si)ots wax and wane 
in number in a i)eriod averaging about Hi years ; 
loss marked periods probably existing, though as 
yet not certainly established. There is some reason 
for believing that the earth’s magnetic condition 
varies with the condition of the sun, the time of 
greatest magnetic disturbance agreeing with the 
time of most spots ; but this relation has not been 
dtmionstrated satisfactorily. When the spots first 
begin to show after a spotless interval, they are 
seen in high solar latitudes; but they appear in 
lower and lower latitudes (on the average), the last 
spots of each spot-|)eriod appearing quite close to 
the equator. If future observations should show 
this to happen in all spot-])eriods, the peculiarity 
must be regarded as probably of extreme signi- 
ficance. As yet, however, its meaning haa not been 
recognised. 
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WHY THE WIND BLOWS, 

By Robsrt Jakeh Mank, M.D., F.K.C.8., P.R.A.8., Wo., 
Fto«4PrMident oj the Ueteorologioal Sooiety, and formerly Superintendent of JBducaJtwn for Xotol. 


J r is a very intelligible fact, as well as an inexor- 
able law of nature, that two distinct bodies 
cannot occupy the same sjiace at the same time. 
When two different bodies are pressed against each 
other, each resists the other as soon as they come 
into contact; and if the two are pressed against 
each other with unequal force, then the one which 
is most strongly pressed drives the other out of its 
way, and takes its place. In such case the familiar 
adage is certainly true — “the weaker goes to the 
wall.’* 

A notable instance of this natural operation is 
seen when a lump of lead is dropped into a pail 
half-full of water. The lump of lead falls to the 
bottom of the pail ; but, in doing so, it has to drive 
a bulk of water as large as itself out of its way, or it 
would never be able to get thei*e. In this instance, 
however, as the lead (/oes (himi, the water is driven 
It cannot get thmugh the wooden sides or bottom 
of the pail ; aiul it is therefore driven in the only 
direction in which it can go — that is, up towards the 
open mouth above. Jf in the accompanying sketch 
<Fig- 1) a a represent the lieight at which the 
water stood before the lump of load (l) was 
dropped into the ^'essel, h h would represent the 

height at which the 
water would have to 
stand after the lead had 
been placed in tlie pail. 
To produce this change, 
portions of water which 
are in the first instance 
at c, are lifted in the 
pail as high as d. 

There is, however, 
something else to be 
remarked concerning 
this enforced upward 
movement of the water, 
that is of still greater 
consequence on account 
of the bearing it has 
upon the subject of this 
paper. It is really 
•caused by the downward pull of the earth, 
although the movement of the }>articles is the 
opposite way, or up from the earth. It could not 


with any propriety be said, in the circumstance 
which has been described, that the water moves up 
from the bottom of the pail to make way for the 
lead. That would not bo a true representation of 
what had occurred, as it has been already shown 
that the water has moved up because it was pushed 
out of the way by the descending lead. The real 
and full stiitemeiit of the case is that both the 
water and the lead are drawn to the earth in vii*tue 
of their weight. But tlie lead is eleven times 
heavier than the same bulk of water. It conse- 
quently is drawn to the eaiiih eleven times more 
forcibly than the water ; and the water resists the 
downward pressure of the lead with a strength that 
is eleven times too small to enable it to do so with 
efficiency and retain its place. The water accord- 
ingly yields to the superior downward j)ressure of 
the lead, and goes up out of its way ; and thus it 
is the strong downwaixl pull of the eaith u|)on the 
heavy lead which lifts the water up towards the top 
of the pail. It is of the utmost practical import- 
ance that this should be clearly understood, because 
it is a great all-embracing natural truth Uiat objects 
never move upon the earth from one place to 
another, unless they are driven to do so by the 
exoHion of some active force that imi)resses them 
with the movement. The question, therefore, 
arises, since the water does move from the lower 
to the higher position in the pail, what is the 
force which drives it to do so ? The answer to that 
question plainly is, The downward attraction of the 
earth upon the heavier mass, which, by its down- 
ward movement, piishoR the lighter mass of the 
water out of its way. If a block of wood, of exactly 
the same size as the lump of lead, were dropped into 
the pail, it would not sink to the bottom of tlie 
water, like the lead. It would float upon the sur- 
face of the* water with its own mass only a little 
way plunged in ; and the reason of that would be 
that, whilst both the wood and the water were 
drawn towards the earth, the wood was less forcibly 
drawn than a quantity of the water which h^d 
equal bulk with itself, and therefore could not push 
the water out of its way to get down to the bottom 
of the pail. All this happens because wood is 
lighter than water, bulk for bulk, instead of beiiig 
heavier, as lead is. 
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The invifdble air, which floats everywhei'e about 
the solid bodies standing upon the earth, and which 
rests upon the water and the ground, is made of 
substance that has weight, and that is therefore 
drawn by terrestrial attraction after the same 
manner as water or lead, although its substance 
cannot be seen. A pint bottle, which seems to be 
empty, in reality contains 1 1 grains of air. The 
same bottle would hold something more than 9,000 
grains of water, if water were poured into it in the 
place of air. Air is therefore 840 times lighter 
than water. Water can be poured into a bottle 
that was previously filled with air, because the 
water is heavier than the air. The water goes 
down into the bottle in consequence of its greater 
weight, and drives the lighter air up out of its way, 
just as in the experiment recently described the 
heavy block of lead drives the lighter water up out 
of its way, when it sinks to the bottom in the pail 
The particles, of which the invisible air is made, 
like that air itself, are incapable of being seen. 
One notable reason for this is that they are in- 
dividually of very minute size. Very small specks 
of material substance can in some circumstances be 
seen by the human eye. Little shining particles of 
gold can still be perceived when they are so small 
that something more than one million and a quaitor 
of them could be placed side by side within a 
square inch. And when the exceedingly powerful 
microscopes, which are now at the command of 
science, are employed in looking at them, objects 
that ore exceedingly much smaller than this can be 
discerned. Such microscopes are caj)able of magni- 
fying objects five thousand times in diameter. The 
surface of the speck of gold already spoken of might 
therefore be sub-divided into twenty-five million 
parts, and each one of those parts would still be 
within reach of the powers of the microscope. 
One very small thing that has been seen by the 
human eye when aided 'hy the microscope, is 
the fine lashing tail of a minute living organism, 
called the Bacterium termo, which after long watch- 
ing has recently been discovered by a very skilful 
observer, the l^v. W. H. Dallinger. The form 
which this pigmy of living creatures assumes when 
it is contemplated in Mr. Dallinger’s microscope, 
with a power that magnifies its diameter 6,000 
times, is something Ifite that which is sketched in 
the accompanying figure (Fig. 2). From the mean 
of 200 observations Mr. Pallinger estimated the 
breadth of that fine moving streak as being cer- 
tainly less than the twenty-thousandth part of an 
indi. But as the particles of the air cannot be 


seen by even this splendid instrument, they muet 
at any rate be of smaller diameter than the twenty- 
thousandth of an inch, at which size four hundred 


Fig. 2.— Footm of Baoterinm, as se«n when magnified 5,000 
Diameters. 

millions of them could be packed in a square inch 
side by side, like the tiles of a mosaic pavement. 
How much smaller they may be it is not yet pos- 
sible to say. But scientific men, such as Sir 
William Thomson, who concern themselves very 
much about the molecular com|K)sition of matter, 
and who therefore have the best right of all people 
to express an opinion upon the subject, conceive 
that a molecule which was not more than the 
twenty-thousandth part of an inch, would have to 
be again sub-divided, even into mant/ mUliom of 
i>arts, before a size, like that of the ultimate atom 
which is concerned in fabricating such substance as 
the invisible air, is reached. 

Another familiar proof of the ponderous substan- 
tiality of this unseen and unseeable air is that 
which everybody experiences every day without 
taking any notice of it, until the attention is 
specially drawn to the matter. Like all other sub- 
stances which possess weight, the invisible air 
pusim against bodies that stand in its way, when it 
is moving. It rushes against the face so that it 
can be felt. It turns the sloping mill-sails round 
when it drives against them, if travelling itself with 
sufiiciently impetuous speed. It forces the ship, 
with its burthen of a thousand tons, to glide along 
over the sea ^hen it strikes upon the broad canvas 
sails that are spread to catch the impulse. 

But the minute particles of the invisible air, 
which are substantial enough to produce these very 
obvious mechanical efiects, do not touch each other, 
as they exist in their natural condition in space. 
They float, in their inscrutable minuteness, cer- 
tainly many times their own diameters apart. 
They may be driven to approach a little nearer 
together by the exertion of external compressing 
force, but they cannot be squeezed into contact 
by any power that man can bring into play for 
the puipose. They ai*e not forced into contact 
by any of the incalculably greater powers that 
Nature herself deals with in her own majestic and 
mighty operations. They constantly stream and roll 
about amongst each other in all conceivable direo- 
^ tions. Science, indeed, teaches that in all probability 
they are in perpetual unrest, and unceasingly 
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rushing about amongst themselves^ and that when 
eleven grains of air-particles are corked up in 
a glass bottle, notwithstanding their apparent still- 
ness, they occupy themselves with a never-ending 
dance during their forced imprisonment, each 
particle dashing from side to side, and to and fro, 
and never paxising an instant in its headlong and 
mad career, although it has all the time to wheel 
itself out and in and round its companion particles, 
to avoid coming into collision with them. Such is 
what science has, up to this time, been able to 
ascertain and to conceive in reference to the mole- 
cular constitution of air. 

But, although air is so light that the quantity 
which fills a pint l)ott]e, and which occupies 35 
cubic inches of spaje, does not weigh more than 
a piece of card of the size of the figure which 
is here sketched (Fig. 3), its weight nevertheless 


Fig. 3.— Pieott of Cord, to indicate Weight of Air occupying 
85 Cubic Inches. 

becomes a very important affair when large quan- 
tities have to be taken into account. The air 
stretches everywhere about the earth, and folds 
it all ix)un(l, and extends out into space a very 
considerable distance away from the surface of 
the ground. No one yet knows exactly how 
far it reaches, because no one has yet been 
able to get far enough out to ascertain where it 
ends. But it certainly spreads more than fifty 
miles from the solid surface of the earth and from 
the liquid surface of the sea. The quantity, there- 
fore, that rests upon an acre of ground, in conse- 
quence of this, presses down upon that space with a 
weight of no less than 22,000 tons I Fifteen ^wunds 
of it are sustained upon each square inch of the 
land that is near the level of the sea. This height 
of the invisible air was first ascertained at Florence, 
230 years ago, by the Italian philosopher Evan- 
gdista Torricelli, in a very ingenious way, already 
partially sketched in another paper, but which, as 
to the illustration of our subjeot, we 


may here more fully describe. He took a glaaa 
tube, like the one sketched in this figure, which 
was a little more than JO inches long (Fig. i\ 



Fig. 1 —Illustrating Torricelb's Experiment for Pressure of the 
Atmosphere. 


and which was open only at one end. Then, hold- 
ing the tube perpendicularly, with the mouth 
upwards, he filled it with mercuiy, and placing his 
finger over the open end, turned it upside down, so 
that he could plunge the mouth into another quan 
tity of mercury held in a broad basin or cistern 
(Fig. 5). He then found 
that the mercury con- 
tained in the tube fell a 
little way until it rested 
about 30 inches above the 
level of the cistom, and 
there stopped, leaving a 
small altogether empty 
space in the tube above 
its top. It was shortly 
afterwards shown, either 
by Torricelli or by Pascal, 
that the. 30 inches of 
mercury were kept up in 
the tube by the weight of 
the air which pressed 
down upon the surface of 
the mercury in the cistern 
outside of the tube. The 
air was pressing down 
upon the mercuiy outside 
the tube at a, and the 
air, was pressing down upon the same liquid 



Fig. 5.— In Further lUiutra* 
tion of TonrlooUr* Sxporimenh 

mercury, without any 
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niftss at the bottom of the tube at b, and the 
two exactly balanced each other by their opposing 
preBBures, when the column of mercury in the tube 
came to rest at T, leaving the entirely empty space 
V above it The column of air, which went up 
inoi*e than 60 miles on the one side, was exactly of 
the same weight as the column of mercury which 
went up, on the other, 30 inc/ies into the tube. By 
repeating the experiment with a tube that contained 
a cross area, or section, equal to a square inch, be 
afterwards found that it required just 15 lb of 
mercuiy in the tube to resist or balance the an- 
tagonistic column of air, and he was thus able to 
show that a square column of air of the same 
size, or 1 inch across, and extending to the ut- 
most limit of the atmosphere, weighed 16 lb. It 
was this experiment, first contrived by Torricelli, 
which led to the construction of the instrument 
called the “Barometer,”* or “measurer of weight” 
— that is, measurer of the weight of the atmosphere 
(pp. 71, 108), 

But any given bulk of air is not always of the 
same weight. An inch-square column of the atmo- 
sphere sometimes weighs more than it does at others. 
This, therefore, is why the mercurial column of tho 
barometer, which is the counterpoise of the equiva- 
lent column of the air, goes up and down from day 
to day within the glass tube of the instrument. 
The cause of this change of weight, however, is 
quite understood, and can be very easily explained. 
It is due to the fact that the little invisible particles 
of the air sometimes lie more closely together than 
they do at others — or, in other words, that any 
given bulk of air — such as a cubic foot — sometimes 
contains a greater number of air-particles in it than 
it does at others. 

This effect can be produced by mechanical pi’es- 
Bure. Air, under pai'ticular management, can be 
actually squeezed in, so as to be made to occupy 
less space. The operation would, of coui’se, make 
the air specifically denser than it was before. That 
is to say, a cubic foot would weigh more after the 
compression than it did before. There are, however, 
other means by which the same result can be 
brought about. Cold, for instance, will do the 
same thing as compression. Imagine the case of 
11 grains of air, possessing the ordinary summer 
temperature of 70®, being poured into a pint bottle, 
and the bottle being then surrounded outside by 
ice, while it is still left uncorked at the neck. 
This is what would then happen ; The air inside 
the bottle would be made cold by the ice, and as it 
* From /n4po$, burden or weight, and ndrfMf, meaiure. 


gradually became more ahd more SWte 

particles would be drawn more closdjr to^Mher^ and 
so its entire mass or bulk would contnmt, But, as 
it did this, more aii’-particles would neoesstu^ 
flow in through the oi)en neck of the bottle, untfl 
at last it would be found 
that the bottle contained 
more than 1 1 grains of air, 
although its size had not 
been materially changed. 

In other words, the junt of 
ail* would have become 
heavier. If, then, the bottle 
were taken away from the 
ice, and placed over the 
flame of a spirit-lamp, os 
represented in the annexed 
sketch (Fig. 6), the air 
would become hotter and 
hotter minut(‘ by minute, 
and, as it did so, its little 
particles would be driven 
further and further asunder, 
so that many of them would 
be forced to rush away out 
of the neck of the bottle, 

until finally the bottle would have less, instead of 
more, than tho original 11 grains of air in its 
inside — or, in other words, the pint of air would to 
that extent have become lighter. 

There is another very simple way in which the 
same effect may be, and is very commonly, shown. 



Fig. 7.— 'lUiutraiiiig Bladder Experiments with Hot sad Cold Air 

A bladder is tightly tied up at its neck, after it haa 
been only half-expanded by blowing into it. Then, 
if it be held before a clear fire, it very soon 
swells up until it becomes smooth and tight. ISiis 
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b mfmd bf ^icpaasioji of air in its inside, 
wtot the particles are driven more widely asunder 
by the heat The bladder, if put into a pair of 
delbatelj-poised soaies, would be found to weigh 


by air being rendered heavier by cold and lighte 
by heat 

A. very remarkable oonsequence, However, f<d* 
lows from this change in the density of air from 



Fig. 8.— Vww Of TH* Mexsobolooicai. Obsbbtatobt at Saiut-Mabik-dtj-Mowt, 
''‘’"’•■5, FbAHCB. 


the same before and after its expansion. There 
would be the same gioeLfititi/ of air in it in each 
case. But if any given fixed bulk^ such as a 
cubic inch, were token out of it both before and 
after the expansion, it would be found that that 
cubic inch weighed more in the first case than in 
bat— just as 'tiie pint of cold air is heavier 
than the pint of warm. This it is which is meant 


differences of heat. Suppose that an exceedingly 
thin bladder of gold-beater’s skin, so fine and thin 
that it is almost without weight in itself, be filled 
with very hot air, and be laid upon the floor in a 
moderately cold room, then all the equal bulks of 
cold air around and above will be drawn down 
towards the ground with greater energy or force 
than the bladder of hot air is. In the annexed 
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sketch (Fig. 7), let h be conceived to i^epresent the 
bladder of hot, light air, and o an equal bulk of 
cold air just above ; then the cold air o would be 
circumstanced just like the lump of lead, which 
was described a few pages back as being put into 
the pail of water. It would be drawn down towa’nls 
the ground at f much moi*e forcibly than H, the 
bladder of lighter air, and consequently it would 
fall to the ground under the stronger pull, just as 
the lump of lead fell to the bottom of the |)ail, and, 
in doixig so, would drive the light bladder h up 
out of its way. The light bladder H would actually 
mount up towards tlie ceiling of the room, because 
the surrounding cold air was dniwn more forcibly 
down. This, indeed, is exactly what the balloon is 
seen to do when it is filled with hydrogen gas, 
which is lighter, bulk for bulk, than even the hot 
air itself. The balloon mounts up into the open 
air for the same reason that some of the water in a 
pail ascends, when a lump of lead is thrown in to 
drive that portion of the liquid up out of its place. 
The balloon mounts in the air, in real truth, under 
the impulse of the same force that makes a stone 
fall through the air to the ground — that is, the 
attraction of the earth for ponderable matter. It 
merely goes up under the impulse, instead of going 
down, because, at the same time that it is drawn 
down, there is other ponderable matter by its side, 
which is more strong to descend than it is, in con- 
sequence of superior weight \ and which, therefore, 
does descend, in spite of such inadequate resistance 
as is offered by the lighter mass, and in doing so 
drives the lighter mass up out of the place into 
which it forces itself. 

It should now be a quite easy thing to rmder- 
stand why it is that the wind blows, and must blow, 
in the open spaces of the earth. In different parts 
of the world the sun shines with different degrees 
of heating power upon the ground and sea. Where 
it falls with most heating power, it warms, expands, 
and makes lighter the air. Where it falls with 
least heating power, the air remains unwarmed, 
unexpanded, and heavy, with its little particles 
squeezed more closely together. Both kinds of air, 
the heavy and the light, are dmwn towards the 
earth, because both have weight. But the heavy 
air is more forcibly and energetically drawn down 
than the light, and on that account gets nearer 
to the ground. But in doing so, as two different 
bodies cannot occupy the same portion of space 8,t 
the same time, it drives the light air, which is less 
forcibly drawn, out of its way. Suppose that, in 
the annexed sketch (Fig. 9), a and b are two places 


on the eai*th which are 50 miles apart, and that at 
B each cubic foot of air weighs 1,700 grains, whilst 
at A, on account of stronger sunshine and greater 
warmth, each cubic foot weighs only 1,676 grains; 
then, as the air at B presses down with more strength 
thantheair at a, and as both, with all the intermediate 

Cold heavy Warm light 

Air. Air. 

B 0 0 50 Milea. a e A 



Direction in whlcli the Wind blowa 

Fig. 0.— niuatrat xig Preuure of Hot and Ck>ld Air on the EartA 

air along c, and c and c are, in consequence of the 
disconnected state of their particles, fi'ee to stream 
and flow in whatever direction they are impelled, 
the light air at A will certainly give way before the 
stronger pressure of the heavy air at B, and the 
air from B will rush along the ground towards A. 
But rushing or moving air is itnnd. There will 
consequently be a wind blowing from B to A. The 
air always thus moves from the place where its 
weight or pressure is most, towards the place where 
its weight or pressui’e is least And in every case 
it moves with a velocity and strength which are 
greater in proportion as the difference of weight at 
the two places is greater, and which are less as that 
difference is less. Thus, if the wind were blowing 
from B to A, with a velocity of 30 miles an hour, 
when the air weighed 1,700 grains to the mbic foot 
at B, and 1,675 grains at a — if suddenly ohe weight 
of the air at A were ehauged to 1,650 grains per 
cubio foot, without any analogous change in the 
weight at b, the wind would then certainly blow 
from B to A witlx a velocity of 60, instead of 30 
miles per hour. 

It is now M^ell understood that the wind is, in 
the main, at all times blowing from places where the 
air-pressure is great, towards places where the air- 
pressure is small ; and the way in which it does 
this, under the circumstance of continually altering 
pressures, and of continually shifting situations of 
greatest and least pressure, has been reduced to a 
methodical explanation and expression, which is 
known as Buys Ballot’s law, because a distinguished 
Dutch meteorologist of that name, has carefully 
and closely studied the subject Buys Ballot’s law, 
and also the kindred matter of the barometrio 
gradient, which is connected witlx it, will, however, 
have to be more fully explained in another place. 

The ventilating power of an open flro-plaoe in 
dwelling-rooms depends upon precisely the same in- 
fluence (p. 219). In establishing ventilation in the 
interior of a house, men simply create an artifloisi 
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wind to take the place of the natural wind which 
18 shut out by walls and doors. When tliere is 'an 
open grate and chimney in a room» without a fire^ 
the air presses down through the ohimney-shalt, 
and in through the crevices of the windows and 
doors, with equal force, and is supported, as it does 
so, in a sort of even balance, by the air which fills 
the room. If, in such circumstances, however, a 
fire is lit in the grate, the column of air in the 
chimney becomes very hot, and, as it becomes hot, 
eicpands and gets lighter. The even balance is 
then, in consequence, disturbed. Heavy air presses 
in through the chinks of the doors and windows, and 
light air presses down through the chimney ; ,but the 
light air has not resistance enough to withstand the 
strong pressure of the heavy air, and gives way 
before it, escaping in a continuous stream up the 
chimney, as the heavy air squeezes in upon it 
through the room below. The artificial ventilation 
of a room hy a fire is thus again simply the move- 
ment of a wind from the place where the air- 
pressure is greatest, towards or to the place where 
it is least. As in the case of the external wind, the 
velocity of the air-current is in proportion to the 
difference of the air-pressure in the two places. 
With a very large fire, and with very hot air over 
it, the draught up the chinmey becomes proportion- 
ally rapid and strong. 

The air is kept in its place all round the denser 
substances of the earth by its weight. It is driven 
out of the way when bodies^ which are heavier than 
itself, come into competition with it; but, when 
there are no more such heavier bodies to be brought 
into play, it is held fast by the earth, and piled up 
on itself further and further, and higher and higher, 
until thew is no more to be so piled. It, however, 
gets thinner and thinner as it is further and further 
away from the solid ground, because in those outer 
regions it has less air-particles above it, and conse- 
quently less weight pressing it down, and squeezing 
its little particles into closer companionship. Every 
cubic foot of air, which is in contact with the ground, 


sustains upon itself an air-load of more than 
2,0001b., and is therefore squeezed in and com- 
pressed by that weight. But at the top of Mont 
Blanc, which is a trile more than 3 miles high, each 
cubic foot of air would only have to bear a load of 
1,0001b. of the higher part of the atmosphere, and, 
in consequence, would expand into two cubic feet, of 
which each one would then contain 850 grains of 
air-particles, instead of the original 1,700. If a 
pint bottle with an op^ mouth, containing 11 
grains of air, were carried up to the top of Mont 
Blanc, it would be found there to contain only 
grains of air-ivarticles. The other grains would 
have been forced out through the neck as the air 
within expanded with the removal of the superin- 
cumbent weight. One-half of the actual substance 
of the atmosphere in reality lies within the limits 
of the height of this lofty mountain ; the other half 
stretches out to a very much larger distance, 
because the thinning away of the air, under the 
removal of the superincumbent weight, goes on at a 
more rapid rate than the removal of the pressure. 
With increasing distance, the specific density is 
halved for each successive miles of ascent. If a 
cubic f ot of air weighed 850 grains at a height of 
3| miles, it would weigh 425 grains at 7 miles, and 
106 grains at 14 miles, and it would still weigh 2 
grains at a height of 35 miles. The highest point 
in the atmosphere, that has ever been reached by 
living men in a balloon, is 7 miles. It is almost 
certain that at a height of 8 miles no animal could 
continue to live. The atmosphere, in all proba- 
bility, terminates externally where the natural 
expansion of its own thin and incoherent substance 
is balanced by the force with which the outermost 
range of imrticles is drawn in by the earth^s attrac- 
tive pull. As has been already statetl, it is not 
yet ascertained at what distance that outer limit 
of the atmosphere is placed, but it is generally con- 
ceived by scientific men that the limit must lie 
somewhere between 50 and 200 miles above the 
level of the sea. 
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A very considerable portion of the time of the 
naturalist is occupied in tracing resemblances 
and differences between different animals. Indeed, 
it may be maintained that the first beginnings of 
exact natural history study consist in the enumera- 
tion of these likenesses and distinctions, and in the 
endeavour to understand how they have been 
brought about and perpetuated. The chief differ- 
<nioe between the commonplace observation of 


nature, and those exact methods and trained habits 
of investigating the world around us that we 
term, in one word, “ science,” will be found to lie 
not so much in the detection of likenesses, or in the 
discovery of points of distinction between objects, 
or between living beings, as in the appreciation and 
understanding of what the likenesses or unlikeneeses 
are. The untrained observer may be quick and 
skilful to detect differences between two nearly* 
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related plants or animals, but he lacks the power 
to correctly express the results of his discovery. 
And as eveiy fact in science bears a relationship to 
n greater or less number of other facts, the import- 
ance of being able to correctly express the results 
of research and to fit these results into their due 
place and order in the scientific edifice, may be 
readily appreciated. More especially is this the 
•case, when the naturalist seeks to compare the 
parts or organs of one animal or plant with those 
of a diffei^nt organism. On the estimate he may 
be led to form as the result of his comparison, 
depends the formation of opinions concerning the 
rank of an animal or plant in the scale of creation, 
or the detcimination of its place amongst its near 
relations. Whilst sometimes the very nature of an 
animal, or of some organ or part of a living being, 
is capable of being discovered only through the com- 
])arison of its structure with that of other organisms. 
The ttisk of tmeing likenesses and differences 
})etwecn living beings, is one in the inirsuit of 
which a vast amount of interesting and instructive 
information may bo gained. In the present paper, 
we intend to take a brief survey of the methods 
employed by naturalists wlion they endeavour to 
relate living beings to each other by a comparison 
of their structure ; whilst from the illustrations 
selected to render these methods jdain, several 
interesting facts in natural history may he brought 
under the roader^s notice. 

The class of Insects includes not merely an 
immense number, but a very largo variety of 
animal fonns. Its study might bo regarded as a 
very complicated task ; and so, indeed, it would be, 
wore it necessary to gain a general knowledge of 
them for each species of insect that was to be studied 
and examined indej>endently of its neighbour species. 
The naturalist expedites an<l facilitates his labours 
very materially, however, when he is able to show, 
firstly, that a general type or common plan of 
structure is discernible throughout the class ; and, 
secondly, that his understanding of the differences 
between different insects depends on his acquaint- 
ance with the various modifications of the common 
plan he is able to trace and descri>)e. These 
thoughts in reality afford the clue to the successful 
investigation of the world of life. Beneath the 
differences exhibited by the animals or plants of 
any great group, we are able to trace a certain 
broad likeness; and when wo can successfully fill in 
the details of this likeness, we may be regarded as 
having advanced a very considerable way on our 
scientific investigation. There is one great principle 
42 


which may be said to guide the naturalist in Ids 
i^searohea into the likenesses and differences be- 
tween living beings. This principle is named 
llotnolog^. It mdijy be defined as that which 
expresses the relationship between living beings or 
I)arts of living beings, that are essentially similar 
in their nature and structure. “ Homologous” organs 
are those which are fundamentally the same. Or, to 
put it another way, “homologues” are organs that 
exhibit an identity of fundamental stmeture uiuler 
every variety of form and fimction. Let us 
suppose, for a moment, that a watchmaker is shown 
a number of watches, constructed, some on one 
principle, others in a difierent fashion. However 
unlike the watches may i^e externally, their gencnil 
structure is fmidamentally the same. Thei’e is a 
mainspring, a balance-wheel, a winding-apparatus, 
face and hands, in each. Between the “lever” watches 
in his stock, the watchmaker would tell us tliere 
is naturally the closest of resemblances. The 
differences between watches with a movement diffe- 
rent from that of the levers and the levers them- 
selves would, of course, be readily perceptible ; still 
the internal arrangements would partake of a strong 
likeness. Ceitiiin wheels in the one description of 
watch, would correspond exactly with wheels in 
the other set of timekeepers ; and the mechanism 
connected with the hands would be of essentially 
similar character in all. A naturalist would 
therefore pronounce the watches generally to be 
homologous pieces of mechanism ; and he might go 
further still, and say that they were specially 
homologous, when the arrangement and coii’espond- 
ence of their internal mechanism is understood. 
Tliis would be his method of expressing the fiict 
that the resemblances between the watclies were of 
close and fundamental kind. The naturalist, more- 
over, might also say that the watches wore 
analogom pieces of machinery. And why analo- 
gous ? Because they })erfonn the same function — 
that of timekeeping. But a carriage-clock, a chrono- 
meter, a lady’s tiny watcli, an eight-day clock, and 
3 fig Bon of Westminster, all i) 08 se 8 s the function of 
keeping cime. Are these varied timekeepers analo- 
gous 1 Certainly. So that leaving out of sight any 
fuHher com])arison l>e tween clocks and watches, we 
have learned that when two things are fundament- 
ally the same in structure, they are homologom; and 
that when two things |)erform the same function 
or work, they are nnaloyoiia. The two conditions 
are essentially distinct the one from the other; 
although two things may 1x5 homologous and ana- 
logous as well. And as a last I’emark, we may call 
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attention to the tern “ fundamentally ” used in 
these definitions. When we say that two things are 
** fiuidamentally ” the same, we are making a tacit 
allowance for differences w’hich may he i)erceptihle 
between their structures or functions. 

Applying these princi 2 )les to the investigation of 
certain features of insect-stmcture, w’e may &i)eedily 
discern their api>lication to the studies of the 
biologist. No pju't of the insect economy jn'e&onts 
gi’eater variations in form oi functKjii than the 
organs which fonn tlio moutb. In the beetles w'c 
see the moutli organs adaj)ted for biting and chew- 
ing. Tlie butterfly, b^ their aid, .sucks up the 
delicate juices of flow^ers. The land and water 
bugs ])ierce tlie skin of otliei animals by aid of 
theii modiflcd mouth-parts The bees and wasps 


may best be given through the means of an exami- 
nation and comparison of the objects oonoemed* 

Let us begin our 
examiuation of the 
insect mouth by 
looking at the jiarts 
seen in the mouth of 
a beetle or locust 
(Figs. 1, 2, 3). 

There are four dis- 
tinct organs to be 
seen here. First 
comes an vpper Up 
or lahriun as it is 
called, which forms 
moutli. Next in order appear two lai'ge jaws, 



Fig. 2 <-Hoatli of a Moaticatiug 
l^ect. 

the ujiper boundary of the 




Pig 1 — Mottth-Pirts of a Lootw {Locusta viridxsrima), 

(1) Lnbium f r Ui»]t« i Lip, (2) Mandihleg; (8> Jnwn, (4) Labiam or Lower Lip; (ft) Tongue 




not merely obtain flower-juices by aid of theii* 
curious mouths, but also possess in these organs a 
multiplicity of tools, wlierewith they constnict 
those curious habitations for their large family- 
circles. Is it possible to trace any common type 
or plan underlying the very varied forms which 
the mouth of insects presents to our view? The 
only reply that can he afforded to the question, 


named Tucmdihles, often having their edges cut 
into ‘‘teeth” well adapted for triturating the food. 
The third organs in the mouth are a pair of 
lesser jaws, known as maxUIcB, These b^r the 
maxillary palpi, or organs of touch, and, as some 
naturalists maintain, of taste as well. The use of 
the maxillse appears to be that of aiding the 
mandibles in dividing the food and of retaining 
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the food in position whilst it is being masticated. 
The fourth last mouth-part in the beetle con- 
sists of the laUum or 
lower lip, which is 
formed in reality of 
a second paii* of 
maxillae joined to- 
gether, and, like the 
maxillae, bearing 
organs of touch, 
named hhial palpi. 
The mouth-parts in 
the beetle and the 
locust are thus readily 
enough described. An 
insect of widely dif- 
ferent habits is found 
in a butterfly ; and at first sight the mouth organs 
of the butterfly (Fig. 4) appear to be essentially 
distinct from and utterly unlike those of the beetle. 
But a closer examination shows, nevertheless, that 
there are plain evidences of relationship between 



Pifif. 3.— Parts of Insect’s Mouth 
and Head. 



Pig. 4.—Mouth.Part8 of a Butterfly. 

(OByc; (ml Moudibles; (nw) Maxillary Palpi; il) Lahrumi (Zt) Tiabium; 
(tp) Labial Palpi. 


the two insects in respect of the mouth organs. 
The butterfly possesses a labrum or upjier lip ; this 
first organ of the mouth clearly coiTesponding with 
the similar part in the beetle. Where, however, 
are the butterfly^s mandibles ? Having no use for 
‘‘jaws,” we might naturally expect to find the insect 
lacking these organs. But Nature has a wonder- 
ful knack of preserving the symmetry of organs 
which are nearly related, and we are able to note 
that the butterfiy does possess a pair of mandibles, 


though these organs are very small and rudimentary, 
and ai*e of little or no use to the insect. Thus, the 
mandibles of the beetle are clearly represented in 
the butterfly. The maodllaif or lesser jaws, are also 
to be seen in the latter insect, but we must be pre- 
pared to find that they have undergone considerable 
modification. Each maxilla of the butterfly is long 
drawn out to form a tube, named the andia, or 
“ proboscis,” adapted for drawing up flower-juices, 
which the insect sucks in by means of its “ sucking- 
stomach.” This tube is often as long as the body 
of the insect itself, and can be folded or rolled up 
when not in use. The proboscis on transverse section 
is seen to consist of three tubes; the formation 
of these tubes being exjdained by the fact that, 
whilst the two long maxillae form a tube by their 
union, each maxilla contains a little tube within 
itself. Tlie maxillary palpi, or organs of touch, 
of the butterfly^s maxillae are present, but are of 
small size; and of the lahium or under lip the 
same remarks hold good. The palpi or feelers 
of the labium, however, undergo quite a trans- 
fornuition in tlie butterfly. They were seen to be 
jointed filaments (Figs. 1, 3,/) in the beetle; but 
in most buttei’fiies and moths they become de- 
veloped to form two cushion -like organs, be- 
tween which the proboscis is coiled when the 
insect is at rest. We have thus noted that the 
butterfly possesses all the parts found in the 
mouth of tlie beetle; and we have found that 
these ])arts, although presenting different appear- 


ances in the two insects, aiti 
essentially moulded on one and 
the same ty^ie. There can be 
no doubt, therefore, that the 
beotle^s mouth and that of tlie 
butterfly are “ homologous ” — 
in other words, they exliibit 
the same fimdaniental struc- 
ture, although theii* fimctions 
are of widely different kind. 

A fiuiiher search in the insect 
class would show us some still 
more curious modifications of 
the one type of mouth found 
in the group. Tlie bee, or 
wasp, furnishes a good exam- 
ple of an insect possessing a 
mouth which in one sens© g ^ Be. 

may be said to combine the 
characters of that of the beetle with that of 
the butterfly. The labrum or upjier lip in the 
bee is readily recognisable; and no less so are 
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the mandibles (c, Fig. 5), which ai'e large and 
powerful, and form the implements by means 
of which these insects fabricate tlieh* hives and 
nests. The maxillce {dd) ai’e elongated in the 
bees, but their pcdpi are small, and they are much 
less jaw-like tlian in beetles. The labium or under 
lip, however, undergoes tlie greatest amount of 
alteration in the bees and wasps. It appeal's as a 
long, tongue-like structure (^^), constituting tlie organ 
by means of which the insect cfdlects the nectar and 
pollen of flowers ; and its 2^lpi (b h) are also gi'eatly 
developed, to form protect! ^•e organs for the labial 
“tongue.” Once again, therefore, we find that a 
mouth appai'ently different from that of the insects 
we have previously examined, is in I'eality a mere 
modification of the common tyi)e found in the 
insect class. The familiar house-fly offers an ex- 
ample of another modification of this plan. Here 

(Fig. 6) the labrum is 
present, and the man- 
dibles and luaxillR} are 
represented by bristle- 
like organs, the maxillm 
esiiecially being of small 
size, whilst the palpi are 
also rudimentary. The 
labium or lower lip, 
however, once more 
apjwars as the modified 
organ, and forms the 
l)roboscis of the fly. 
This organ is folded up 
beneath the head when 
the fly is at rest. When, 
Pig Ply's Proboscis. liowevei*, the fly alights 
on a sugar-basin, we see 
the elongated labium (Fig. 6) to be protruded from 
beneath the head. Its tip (Figs. 7 and 8) is ex- 



panded to form two broad, flat leaves, by means 



of which the fly laps up the dainties 
of wliich it is enamoured. Newport, 
a famous authority on 
insects, long ago called 
attention to the structui’e 
of the fly’s proboscis, and 
to its roughened tip, and 



yis. 7.— Ertre. remarked on the amount ng. s— Lip# 
]S:5b<wciZ^‘ of injury to the polished 


and delicate surfaces of 


furniture, books, &c., the organ is capable of 
efiecting. The “tongue” of the fly acts like a 
kind of rasp ; and, after attaining a knowledge of 
its structure, wo can well understand how the 


scmtclied surfaces of our furniture — ov^ which 
housewives lament after the usual summer plague' 
of flies — ^have been produced. Whilst, also, we are 
able to form some idea of the maimer in which 
the flies are able so continually and effectually to* 
annoy ourselves, our horses and other quadrupeds. 
Thus we have seen that the moulh-parts in 
insects, despite variations in form and structure, 
are thoroughly homologous ; and it only requires a 
cai*eful examination of the series of mouth-pai1» 
presented by these animals to detemine the unity 
of plan which prevails throughout the group. 

Sometimes it may hapj)en that the nature of an 
organ, and its correspondence with parts in other 
forms, can be detected only after the examination 
of many different animals. In such a case, we 
must trace the organ through the successive stages 
of modification it may be seen to pass, as we observe 
it in a whole series of animal forms. Tlie mouth-parts 
of insects present us in each case with modifications 
already produced, and apparently of well-defined 
character. But in other instances we may require 
in the first place to determine the exact nature of 
an organ or part j and it is only after we have 
regarded such an organ iu all its phases and stages 
of development that we can pronounce as to its real 
character and relationship. Such a case is well 
illustrated by the air-bladder, swimminy-bladder, 
or sound of fishes. This organ is well known, in 
the case of the sturgeons at least, as that from the 
outer coat or layer of which isinglass is obtained. 
The royal fish is found in Britain and America, 
but it is in the Russian Empire where the differ- 
ent species attain the greatest abundance. The most 
famous among epicures is the small one, or sterlet ; 
while the scene deiacted on the opposite page is the 
fishery in Sibem of a laigor s^iecies, fixim which 
most of the isinglass of commerce is derived (Fig. 9). 
Whatever its fonn in fishes, tlie air-bladder has but 
one function — namely, that of enabling the fish to 
alter its position at will, and to rise or sink in the 
water. Its use is that of a hydrostatic apparatus. 
By compressing the gas it contains, the body of the 
fish is rendered specifically heavier as compared 
with the sun'ounding water, and it is thus enabled 
to sink therein. The release of the air-bladder from 
the muscular pressure admits of the expansion of 
its contained gas, and of the subsequent rise of the 
fish in the surrounding medium. Now, the swim- 
ming-bladder varies greatly in form and structure 
throughout the class of fishes. In some fishes, 
such as the soles, flounders, sharks, rays, <ko., 
the swimming-bladder is entirely absent In its 



Q — Stlkqeov-Fishi>o in Siberia* 
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simpleBfc form it appears as a shut or closed sac 
or hag, usually connected more or less intimately 
with the digestive system of the fish. This simple 
closed condition is well seen in the cod or perch ; 
and in this state its relationship with any organ 
in higher animals is not traceable. When, however, 
we ti*ace the nature of the air-bladder as developed 
in other fishes, we may find it to exhibit other 
details of structure. In the carp, for instance, the 
air-bladder (Fig. 10) is not closed, but communicates 



Fig, 10.— Swimmmg*Bliidder of Carp. 


with the gullet by means of a tube named the pneu- 
matic duct.” In the herring, a tube connects the 
air-bladder with the front portion of the stomach ; 
and in the caip and loach, in addition, it appears 
to be placed in close structural connection with the 
ear. In the presence of this tube we discover a 
step towards the solution of the nature of the air- 
bladder. 

In the river Gambia of Afnca and the Amazon of 
South America are found species of curious fishes to 
which the name oiLepklosirem (Fig. 1 1 ) or mud-fishes 
is given ; and the Queensland rivers are tenanted by 
a curious fish named Ceralodiis, and called the “ Bar- 
ramunda ” by the natives. The mud-fishes swim 
about in their native pools and rivers in the wet 
season, and breathe by the gills with which they are 
provided. But on the advent of the dry season 
these fishes bury themselves in the mud, wliich 
dries around their bodies, and thus remain dormant 
until they are recalled to active existence by the 
return of the persistent rains. The problem how 
these fishes are enabled thus to live out of water is 
readily solved when the structure of their air- 
bladder is understood. This latter organ is double ; 
it is divided inteinally into cells ; and it opens into 
the throat by a tube or jmeumatic duct which }x>s- 
sesses all the characters of a windpi])o. In the 
Ceratodm the air-bladder is almost similarly de- 
veloped, the chief difference being that it is single 
or simple in its form, and not divided externally as 
in tlie mud-fishes. What, then, can be said of the 
nature of the swimming-bladder of fishes, in view of 
the information supplied by a review of its form in 
various members of the class 1 Tlie answer is, that 
the swimming-bladder of the fish is truly hmiologoua 
with the lungs of higher animals. We see in the 


pneumatic duct the first representative ci a wind- 
pipe. But in the mud-fishes the development of 
the organ becomes more marked. Not merely is it 
divided or separated, as are lungs, into two halves, 
but its internal structure is cellular, and thus 
exactly mimics the conformation of a lung. Nor is 
this all. The physiological definition of a lung is 
that which regards it as an organ to whidi impure 
blood is sent from the heart, and from which 
purified blood is returned to the heart The air- 
bladders of ordinary fishes are not lungs, since they 
do not purify blood. In the mud-fishes, however, 
the air-bladder is not merely lung-like in structure, 
but is also lungdike in function. It returns puii- 
fied blood to the heart, and thus becomes not merely 
homologous with, but also analogous to, the lungs 
of higher animals. Thus we discover that the air- 
bladder of a fish in reality corresponds to the lungs 
of a reptile, bird, or mammal ; and the true nature 
of the air-bladder is determined simply by the 
careful investigation of the organ throughout the 
class of fishes, and by the study of the variations it 
evinces in the course of its development in the 
direction of the lung. 

Our search into homologies, and the manner in 
which their study leads towards the understanding 
of the true nature of organs or parts in animals and 
plants, may next lead us to consider biiefly the 
interesting subject of the limbs of Vertebrate or 
back-boned animals, and their modifications. The 
limbs of vertebrates are well known to present some 
very singular modifications. Here we behold them 
in certain of the fins of fishes ; there we see them 
in the fins of the whale, or the imddles of the seal 
and wahms. Now we see them carrying their 
possessor through the air, as in bat and bird ; and 
next as the shapely extremities of the quadriq)ed, 
or the facile arms and hands of man. Beneath this 
outward diversity of form and function, and dif- 
ferent as these limbs are in their analogies, can we 
discover any indications of uniformity of plan or 
type ] It is for the student of homology to reply ; 
and his answer bears that the limbs of vertebrate 
or back-boned animals are constructed on one type. 
All the varied aspects of limbs ar^ but modifica- 
tions of a single plan, traceable, as a rule, without 
exceeding difficulty by the inquiring mind and 
“quiet eye.” 

The idea that a fish has limbs corresponding with 
the limbs of higher animals is one unfamiliar to the 
general reader. But if he will look at a herring, a 
salmon (Fig. 12), a cod, or a haddock, he will be able 
to see that whilst the back fins, tail fin, and anal fin 



THE C0U8INSHIP OF AI^IMALS. 


335 


are situated in the middle line of the back, tail, and 
belly of the fish respectively, there also exist four 
hns disposed in pairs. The foremost of these paired 



Fig 12.'-Sal]noix. 


forming the palm or metaca/rp^is 
{$) ; and (5) the fingers, eaeh con- 
sisting in man of throe small 
leones or phalanges {/), save 
the thumb, which has but two. 
Examine now the fore-leg of 
such an animal as the horse. 
Externally the arm of man 
and the fore-leg of the horse 
are not alike, but a meiv 
glance at the skeleton of both 
serves to show a close identity 
of tyi>e. In the horse we find 
a well-develoi)ed upper aim or 
humerus. The fore-arm, with 
one of its bones (the ulna) 
much reduced in size, is also 
quite apparent. Se^ en wribt- 
lK)nes (df Fig. 14) are easily 
observed; but it is equally 
clear that the horse's hand is 
greatly modified. There is 
only one finger or toe — the 



fins, well seen in the herring and salmon, are 
named the pectoral or breast-fins, the hinder pair 
being termed the ventral or lielly-fins ; the ventral 
fin of the right side in the accompanying illustra- 
tion of the salmon being the fin of the belly 
situated nearest the head. In the haddock, whilst 
the jiectoral fins are placed on the breast of the 
fish, the ventrals are situated below them, and not, 
as in the herring and salmon, towards the rear 
of the body. The mere fact that these fins are 
paired at once suggests a resemblance to the limbs 
of other vertebrates, which are invariably paired 
organs. How is it possible to trace any further 
relationship between the breast-fins of the fish 
(which the zoologist asserts to be its fore-legs), the 
belly-fins (which he maintains are its hind-limbs), 
and the limbs of animals of higher rank in the 
back-boned typel Our reply is, through the de- 
ductions of homology ; and by direct comparison of 
part with part, and of bone with bone. 

Suppose, for the sake of simplicity, that wo first 
examine the skeleton of a set of limbs with which 
we are familiar. No piece of anatomical study can 
be better adapted for our purpose than our own 
legs and arms. Look at the skeleton of the arm. 
There we find (1) an upper arm consisting of a 
single bone, the Ivutmtus (a, Fig. 13) ; (2) a fore-arm 
consisting of two bones, radius and ulna (pc)] (3) 
a set of small bones — eight in number in man — 
forming the cwrpus or wrist (<i); (4) five bones 



Fig U.*^Boiies of the Fore (a) and Hind (b) Linb of Horsa 
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third or middle one — develoi>ed in tlie horse on 
each foot; and the l)ono (e®) of the hoi’se’s i>alm 
coiTesj)onding to this finger repi’esents in itself the 
greater part of the palm or nvetacarpua of man. 
Bnt on each side of this single bone are to be 
seen two small jwinted bones, named the splintr 
bo7i68. (One of these is seen at e*.) With what, 


ill man, do the ‘‘splint-bones” of the horse cor- 
respond ] There can be no doubt that they repre- 
sent the rudimentary metacarpal or ]>alm-bones 
of two fingers — tlie secoiul and foui^h — wliich 
have dwindled away until they have become 
mere shadows of their foi’im^r solves. Despite its 
outward dissimihudty, the horse’s fore-limb is 
thus seen to be liomologous with the arm of man. 
The hind-limb of the horse (b. Fig. 14) exhibits an 
essentially similar arrajigement of parts, as may be 
learned from a glance at the accompanying figure. 

In the “ paddle ” of the whale there is no difix- 
culty in recognising a member related to both of 
the preceding examples. The fore-limb of the 
whale is shortened, it is true, and inclosed within 
the skin so os to adapt it for swimming ; but its 
‘Skeleton more closely resembles the arm of man 
than did the foi e-leg of the hoi*se. The wing of 
the bird should corresixond to the fore-limbs of 
other vertebrates, and so in truth it does. The 
bird possesses a humerus, or upj)er-arm bone, and a 
radius and ulna in its fore-aim , but its ulna is 
larger and stronger than the companion bone ; thus 
revei’sing the condition of matters seen in the 
horse. The wrist of tlie bird appears to consist of 
but two bones ; b\it it is a wrist nevertheless ; and 
there are three fingers — the thumb, second finger, 
and third finger — much modified, and concealed, as 
are the other bones of the wing, beneath the skin 
and musclea Once again, we find fundamental 
likeness and a similar structure beneath outward 
-dissimilarity of form. The case of the fish (Fig. 15), 


to which we may lastly turn, is perhaps the most 
instructive example of the coiTespondence between 
the limbs of vertebrates, even if the relationship of 
the paired fins to other limbs is also more difficult 
to trace. Zoologists are not quite agreed as to the 
exact parts in the skeleton of the pectoral fins {h) 
of the fish which represent the various parts of the 
limbs of other vertebrates, but 
there is no question of the homo- 
logy and correspondence, never- 
theless ; and further research 
may hereafter render the com- 
parison clear and evident. The 
ventral fins (i) clearly correspond 
to hind-limbs, as already re- 
marked. Thus our ramble in 
search of cori’e&pondences hits 
again resulted in our learning 
that, however different the limbs 
of vertebrates may ap^iear, their 
structure and build is essentially 
the Hiime wherever they are found. In other words, 
they are “ homologous ” organs in the truest sense 
of the tenn. 

The labours of the zoologist are thus seen to 
be of a more than usually interesting character 
when he endeavours to relate the various organs 
and parts of ono animal of a gi’oup to fliose of a 
different animal or division. It is right, however, 
that we should point out, by way of conclusion to 
our pi’esent study, that this work of tracing Uke- 
nesses between different animals is fraught with 
a larger measure of importance than that derived 
from its purely zoological side. When we learn 
that organs used for widely different purposes are 
in reality founded or constructed on a common 
plan, the idea has been raised that such organs or 
parts may have had a common origin. There are 
one or two imjiortant featui*es still to be noted in 
connection with the modifications of oigans or part^' 
in a series of animals. It may be asked if the 
inferences or conclusions of our studies are in any 
way susceptible of direct proof 1 Thus it has been 
infen'ed from the history of the air-bladder of the 
fish, that the lungs of higher animals represent a 
modified and highly-developed swimming-bladder, 
adapted through its high development for the func- 
tion of breathing. Its first well-defined stage is 
seen in the mud-fishes; a^d in the animals (frogs, 
newts, &c.) which rank next in order to these 
fishes, the lungs have not increased very greatly in 
complexit}' over the altered air-bladder. In the 
class of fishes, we observe this organ presents a 



Fig 15 —Skeleton of Perch 
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gradual advance in complexity towards the form 
and structure of the lung. But in the case of the 
limbs of the horse, there is well exemplided tlie 
manner in which the study of homologies leads to 
the knowledge of how the horse is related to some 
of its humble relatives, whicli, having played their 
allotted jmrts in past periods of the world’s history, 
are now known only by their bones, entombed in 
the soil over which they grazed. We have deter- 
mined through our study of limbs that the horse 
possesses on each foot one fully-developed toe 
(Fig, 14, e®, 1, 2, 3) — the middle one — on the greatly 
developed nail and hoof of which the animal walks. 
And we have also noted that there exists on each 
side of this well-developed toe a “ splint-bone” (e^) ; 
these splint-bones being merely the iTidimonts of the 
l>ones supporting the second and fourth toes. Such 
is the state of matters in the existing horse or 
Eqwis of the zoologist. If we turn to the horses 
of bygone ages, and read in the “records of the 
rocks ” the past lustory of tlie horse-family, we shall 
lind, firstly, that the l)ones of horses preserved as 
fossils in tlie Recent, or last -formed rocks, are 
essentially like the bones of the hoi-se of to-day. In 
rocks a little older (Pliocene and Miocene), the 
bones of extinct horses also occur ; but the study 
of thew» bones shows us that the two “splint- 
l)ones ” are greatly developed — so much so, indeed, 
that had we seen these Miocene horses in existence, 
we may be certain we should have observ ed them 
to jmssess two rudimentary toes, or “dew-claws,” 
in addition to the well-developed third toe. Such 
horses are named Ilipparion and Protohij/pm, the 
former being the three-toed fossil hoi’se of European 
rocks, and the latter of American deposits. For 
curiously enough, in America, where the modem 
horse was unknown until the Spaniards arrived, 
vaiiouR kinds of horses seem, in former i)eiiods of 
its history, to have been abundant. Tlius far, 
homology is being assisted and guided by the study 
of fossils, as in its turn it has assisted the geologist 
in comprehending what the “ splint-bones” of living 
horses really represent. In European rocks, older 
than those in which Hipparion occurs, we find 
another fossil hors(% named AnrJiltherinm : this 
animal being representt^d in American rocks of 
like age by the extinct horse named Miohippna, 
In these latter horses, the two rudimentary toes 


are seen to be well developed, and appai'ently these 
toes may have rested on the ground, whilst, in 
addition, a rudimenibary, or “splint-bone,” repre- 
senting the fifth or little finger, was developed. In 
formations older than those which contain the 
Miohlpima I'emains, anotlier extinct horse {Meao- 
hippus) is found, m which tlie little finger attains 
still larger proiX)riions. Last of all, in the Eocene 
rocks [aee Frontispiece], which are older still than 
tho Mesohippus-formations, we find the oldest fossil 
hoi’se yet known. This is the Orohippus, jicssessiiig 
four well-developed toes on its fore-feet, and three 
well-developed toes on its hind limbs. Tho bones 
of the leg, deficient in existing horses, are furth(u* 
well developed in this oldest form. When the 
history of the horse shall have been more com- 
pletely investigated, wo may safely exjDect to 
moot with forms in which all five toes were well 
developed on both fore and hind limbs ; and even 
now there is evidence that in the Eohippus recently 
discovered in the formations of Western America, 
w<' are brought a step nearer to the typical fivo- 
to(‘d animals, the oldest twig of the etpiinc genea- 
logical tree. Tliere is thus bound up with the 
tracing of homologies a most interesting field of 
speculative philosophy ; for though the old horses 
are fact, the deductions from them are purely 
si>eculative, but arc* at tin* same time of rational 
and likely kind. 

The brief study detailed in the foregoing pages 
hai’dly requires any application or summary of its 
chief features. These latter, indeed, are plainly 
manifest in the study itself, and the story told 
us by tho laws of homology carries its own moral. 
It is, however, not the least interesting feature of 
such a subject, that it demonstrates forcibly the 
bonds of relationship that link together beings 
often of widely diverse nature, and shows us the 
unity which prevails amidst an apparently divei*so 
as 2 )ect of life. Into tlie dee^ier issues of the study 
— how and why liomologoiis jiarts and organs are 
developed — we do not presume to enter. And, 
even if we do not advance beyond tlie mere iv 
cognition of the I’esemblances which the study of 
liomology discovers, we may still congratulate our- 
selves on having been able to see no inconsider- 
able distance into tho methods and ways of living 
Natiira 
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A NBTTLE-STINa AND OTHER PLANT HAIRS, 

By Henby J. Slack, F.G.S., 

Formerli/ President q/* the Boyal Mtcrosoopicol Society, etc. 


M ost persons have made an unpleasant ao- 
quaintance with one form of plant hair 
through being stung by a nettle, but comparatively 
few have paid any attention to the 
exact nature of the offending organ, 
much less considoi’ed its relation to 
similar structui'es on other plants. The 
stinging hairs of the nettle belong to the 
class of glandular hairs,” and tliey 

consist of the glandular, or secreting 
)>art, at the base, and of the conical 
tul>e ansiug from it, and most often 
ending in a very shaqi point. A 
simple j»lant hair is an out-gi*owiih 
from the epidermis, or plant skin ; 
but those with glands at their base 
may, as Sachs explains, be 
partly formed by cells of this 
spidermiSf and by a layer of the 
vegetable tissue below them. A 
gland may consist of one or 
more cells. In the nettle 
there are several. The 
function of a gland is to 
separate some peculiar 
substance, such as oil, 
resin, camphor, <jirc. ; or 
a jioison, as in the 
nettle and other stinging 
plants. Many plants 
that have scent glands 
(sweet herbs, scented 
geraniums, «fec.) easily 
yield a i)ortion of tlieir 
contents to slight ])rcs- 

sui’e; the nettle as readily parts with its poison, 
which the sharp haii*s insert into the skin of the 
person inadvei'tently touching it. The annexed 
figui'es (Fig. 1, A, b) show the most common forms 
of nettle-stings, but some have little round knobs 
at their tips. If a vigorous leaf is examined under 
the microscope, or with a liand-lens of about an 
inch focus, each tubular hair will be seen wholly or 
partially filled with a colourless fluid. If while 
under examination one of tliese hairs is pressed 
with a needle, the fluid will be seen to move. If a 
glove is put on the left hand, a nettle-leaf twisted 



"Fig 1. — Hairu of Stinging Nettle. (MagnifivA 00 Oiametere.) 
{A) Lnrgi' Hiur, (it) aiimlln, from vein, uph broken. 


round the forefinger with its upper side outenuost, 
and held up to the light, the stinging hairs may be 
readily examined with a small magnifying-glass in 
the right hand ; and if any one of them is touched 
with the nail of the middle finger a movement of 
the fluid contents will be noticed. A few haii^ 
may be jucked out of the leaf with a needle, taking 
also a little of the leaf tissue, avoiding injury to 
any part of the structure. The haii-s may 
then be placed on a glass slide, covered 
with tliin glass, and put under a microscope 
with an inch powei*. If the covering glass 
is pressed with a needle while the objects 
are under view, the fluid wnll be seen to run 
out, often without visible injury to the hair. 

One writer says that the 
well-known plan of grasping 
the nettle to escape its sting 
succeeds because the hairs are 
broken off l)elow their shai*p 
points, and cannot pierce the 
skin ; hnt a great many trials 
sliow that the hairs are very 
often by no means so britfle 
as this notion supposes. The 
English nettle is very innocent 
compared with some of its 
foreign relations. In tlu' 
northern part of New South 
Wales, for example, the Giant 
Nettle (Urtica gigas) some- 
times reaches the height of 
120 to 140 feet, and its leaves, 
12 to 15 inches broad, are 
anned with prickles that pro- 
duce severe, and sometimes dangerous effects. In 
Timor and Java, also, is found the Dooun Setan, 
or “Devil’s Leaf,” repoi*ted to be able to cause 
death, or at least to produce such effects that 
the pain will last several years, and be acutely 
felt during moist weather. There is, also, in 
India, a nettle which stings so fiercely that it is 
to be avoided at all times, but especially in the 
autumn. The pain from its poison is intense, and 
has sometimes been known to produce symptoms 
very like lockjaw ; while in New Zealand is found 
another which causes itself to be held in painful 
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lemembrauce for several days after the unwary 
bush-traveller has made its aoqnaintanoe. 

A plant hair may, by thickening and filling up, 
be converted into another kind of defensive weapon, 
as in the thorns of the roses, and similar structures 
which spring from the epidermis, and are distinct 
fi’om spines that are on growths of wood and have 
a deeper origin — ^in a word, stunted branches. The 
largest rose-thorns are easily broken off by lateral 
pi’essure, and ai^e then seen to be of suiierticial 
origin. Various cactus idants also exhibit remai’k- 
able prickles, which arc modified haii*s, some of 
them growing in tufts, each one extremely sharp- 
pointed, and barbed like the fi8h-s|jears of South Sea 
Islandei*s. An incautious finger is speedily afflicted 
with a whole sheaf of them, and made acquainted 
with the merit of their barbing by the difficulty of 
their extraction. Some of the larger cactuses fonii 
excellent hedges, and arc no insignificant moans 
of fortifying ^ullages in Africa and elsewhei’e. 
Various plants with thorns and prickles of an 
analogous description oppose almost invincible ob- 
stacles to traV(‘llers in the bush of many wild regions. 

The baibs of ceriaiii thorns are lateral growtlis, 
and wc find many hairs (‘vhibiting this departun* 
from linear d(‘N'elopmeut in a more striking way. 
One of the prettiest illustrations of this may be 
found in the leaves of the DeiUzia scrvbra orgracilts, 
esi)ecially on the ui)i)er surface. Tlie cuticle of 
these plants, with its star-like haiis, mounted in 



polarised light, forms a well-known and extremely 
beautiful object (Fig. 2), If a Deutzia leaf is heated 
over a spirit-lamp on a metal plate tmtii it is charted 


and turned black, tiie haira shine out distinotly, 
having preserved their for m in consequence of the^ 
being strengthened with a deposit of silica, or fiinty 
matter, which the temperature neoessary to burn the 




Fig. 3. — Btar-shapod Huir^ froui Leaf of Hn dm'a minor. 

{Magnified ahout 90 dtameteiv.) 

vegetable matter does not affect. More complicated 
star-like bail's adorn the under-suidkce of the leaves 
of many jdants, amongst which may be mentioned 
the oleaster (Elcmgmis), and Jlerltiera, A species of 
Ehragnm is grown in English gardens, but the one 
before us is E, argetUea, thickly set with minute 
maiiy-rayed stars, that require a magnification of 
fifty or sixty times linear and a strong light to 
ivveal their beauty. Tlie Iferltieru is cultivated in 
the West Indies, and called the “ Looking-glass 
Ti*ee,” from the brilliant silvery asjxjct given to the 
under side of its leaves by hairs of similar stnic- 
ture. These leaves vary in the arrangement of the 
rays, some having a sort of rosette in the middle. 
Fig. 3 gives one of each sort. Coai’ser stellate 
hairs of similar character ai’e found on the leaves 
of the ti'ee that produces the remarkable Durian 
fruit of the Indian Archipelago, and which is said 
to reward the bold experimenter who ventures to 
eat it — in spite of its diffusing a powerful odour 
of bad meat — with a coui bination of the most ex- 
quisite flavours. The sejials of Oum Cistus are also 
decorated with stellate tufts of white hairs. 

In many well-known plants the general as^KJct of 
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the leaves is haiiy ; but this clocoiution or clothing 
does not aiaount to a disguise. Not so, however, 
with a New Zealand plant, that is sometimes 
taken at a little distance for a shee}) in repose. 
This curious member of the vegetable kingdom 
grows in tufts or hummocks of considerable dimen- 
sions. Its stems arc very short, closely compacted, 
juid very haiiy, so that it only exhibits a dense 
woolly budiuv. When pulled to pieces it is found 
that each tuft is comj)Osed of thousands of a coiu- 
}>osite dowel’, closely |)aoked together, and each 
one contributing its quota of woolly-looking liairs. 
Its name is RaoaUa ejolmia, or Vegetable Sheep. 

Among the common English plants, London 
Pj’ide Ls remarkable for the beaut} of the ruby- 
tip])ed hairs about its stem ; tmd, though almost 
too slioit to be called hail’s, but belonging to the 
same class of structure, are the little red s[)herules 
with short stalks all round the edge of sweet-briar 
heaves. Similar glandular hail’s arc thickly set on 
the under-surface of these lea\es, some with red, 
oUiei’b with w’liite littl<' balls at their tips. T)i<* 
authors of many plants are supi)orted by hairy 
filaments. Sometimes their hairs are straight ami 
simple, at othei’S branched, or bulbous. The Bog 
Pimpoi’jiel {AmgaUitt tenella) exhibits thc*in with 
elegant latei'al expiuisions. In Tradtmintla Vlr~ 
ginica^ or Spider wod, that puts fodh its rich piu'ple 
three-petaled flowers in June, the filaments are 
adorned with a multitude of ex(iuisitely beaded 
hairs of the same tint as the dowel’s. A ix)i*tion 
of a filament with some of the hail’s (chiedy those 
oil one side) is shown in Pig. 1. 

In Virgin’s Bower or Travellei’’h Joy (Clematis 
vit(dba)y the seed-vessels put fodh a remarkable 
quantity of feathery hail's, causing the plant to have 
I’eceived a third popular name, *‘()ld Man’s BoaiYl,” 
which is also given to the long hairy pedicels of 
the abortive dowers of Rhus cotiniiSy common in 
good gardens, and admired for these curious tufts, 
and for its rosettes of blight green leaves, which 
remain till sharp frost comes. 

Thistles, gi’oundsels, and many other plants of the 
same family, have a hairy pappus” attached to theii* 
seeds, thus enabling them to be carried by the wind 
to some distance. They are occasionally borne to 
a considerable height, and the air is full of them. 
This appeared to be the cause of a ciinous appear- 
ance noticed by the wiiter one day, a few years 
since, when looking thi’ough an astronomical tele- 
scope in one particular dii’ection. The sky seemed 
to swann with pale, glitteiing, falling bodies, like 
a meteor show’er, and there was reason to believe 


they wei'e of the natuie of thisfle-downs glancing 
in the sun. 

Hairs contributing to the beauty of dowers may 
often be found on their ][)etalb; musk and heartsease 
supply examples. In some plants the haii’s attl’act 



insects by their seci’etions, and the insects caiiy the 
pollen from one plant to another, and thus fertilise 
them. Plant-hairs were found by Mr. Wenliam 
to exhibit, at one poriion of their existence, the 
movement of duids in their colls, often miscalled 
“ circulation.” To see tliis phenomenon, the hairs 
should be selected in an early stage of their growth, 
removed without injury, placed in a drop of water 
under covering glass, and viewed with a one-eighth, 
or higher jwwer of the microscope. In Mr. Wen- 
ham’s hands it was didicult to dnd exceptions to 
this cell-rotation, whether he examined hairs from 
the highest elm or the humble weed. Sometimes 
the currents of the duid are single, at others several 
occur in the same cell, having their point of depar- 
ture from a little mass of protoplasm ” called a 
nucleus. With a microscope of sufficient power, 
and careful illumination with the instrument known 
as an ‘‘achi’omatic condenser,” a quantity of minute 
granules may be seen moving with tho duid. Hairs 
cannot, however, be recommended to beginners, or 
indeed to any one who wishes to make sure of 
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seeing this cell-zx>tation. The part of a plant in 
which it is most likely to be seen is a leaf of Elodm 
Ccmadmsia {Anousharis akinaetrum ) — an American 
plant common in many of our ponds and rivers — 
selecting for observation a portion that has turned 
a little brown, and is more transparent than tlie I’est. 
It is a mistake to compare this fluid motion in cells 
with the circulation of the blood in animals, or to 
confound it with the lise of fluids from the roots, 
and the pi'epai’ation and dift’usion of sap. It is a 
local matter, and in the case of hiiii's only slightl}’ 
( cnnected with the geneml gi*owth of the plant. 
A still more remarkable function is performed by 
the so-called haii’s” of the 8undcM^ (Droaera)^ oi: the 
Jbly-Trap {Dlomta)y and other flesh-feeding plants 
(p. 240) ; but as this has ali*eady been sufliciently 
described, we pass on to the last kind of hairs we 
shall mention, namely, those which do not natimilly 
Ijelong to plants, but result from parasites. Tlie 
swellings on roses, conspicuous for their red hairs. 


and called Bedeguars, the haiiy spangles on oak- 
leaves, and many others, ar^ only growths determined 
by insects pricking a.pai'ticular pai t and laying an 
egg thei*e, and perhaps injecting an initating fluid. 
Hairy formations of this sort thus have in their 
oiigin a i*e8emblance to the galls on oak and other 
titjes produced by species of Cynips. A whole 
group of mites — I'elations of spiders, and eight- 
leggod, in complete development — ai’o called gall- 
mites, from theii* egg-laying and oxcrescence-pit)- 
ducing on various leaves. Tiime-trees aitj commonly 
attacked in this way, aixl their leaves then exhibit 
dozens of stout hollow hail’s. The same may some- 
times be seen on vine-leaves and many otliers. The 
initation caused by the insects or mites has an 
efiect analogous to the cause that determines tlie 
production of hairs in natural growths. When the 
hail’s occasioned by the mites widen out towards 
the base they are called ti*umpet galls, and the 
ci*eaturc is developed from the egg they inclose. 


A PIECE OF SLATE. 

liv If. Alllis’s NaaoLsiON, M.D., D.Sc., F.L.S. 

of Natural EMory m the Ummaity of Aberdeen 


I N the yeai' 1877, about 600,000 tons of slate 
were raised in the Principality of Wales, of 
which the huge and celebrated excavation of P(‘n- 
rhyn Quan’ies alone supplied between 80,000 and 
00,000 tons. In Scotland and the Lake District of 
the North of England jierhaps 150,000 tons were 
raised in the same year ; and the amounts produced 
ill North America, Belgium, and other countrie.s 
where slate is worked, would probably fom with 
the above a grand total of not far short of 1,000,000 
tons. Six hundred yeai’s ago, the use of slate 
was confined to districts where the material was 
so abundant and conspicuous that its value could 
hardly be overlooked. Nowadays, slates ai’o 
transported to all parts of the coimtry by rail, 
road, and canal; and distant regions purchase large 
supplies of this valuable rock. The principal use 
made of the gi’eat quantity of slate now annually 
dug out of the earth, is to cover the roofs of our 
houses, a function which it dischai’ges better than 
any other known material ; but it is also employed 
in making the beds of billiard-tables, wiiting- 
slutes, Ac. 

For all the vaiious purposes for which it is used, 
slate owes its adaj^tability to the fact that it is 


capable of being split iuto thin layers or plates. 
So conspicuous, in fact, is this feature in slato that 
the term “slate” is in common language api^lied to 
all rocks which can b(» sjdit into layers so thin 
that they can be used in I’uotiug a house. In 
reality, however, many of tlu' inuteriuls used in 
i*oofing houses are not a/ales at all in the sciontifle 
acceptation of the term. Tn many parts of the 
country, thin flitySy or “ tile-stones,” are habitually 
used instead of slate ; and though these look like 
thick slates, their tnie nature is really voiy diflerent. 
Tn all these cases the flat surfaces of the slab ai’e 
the surfaces of the successive layers of mud or sand 
out of which the rock was originally comiX)sed. 
As such layers are always comparatively thick, 
“ slates ” of this kind are much heavier iimi true 
slate, and thus compel builders to have I’ecoui’se to 
high-pitched roofs and heavy timbeiing. Moreover, 
they do not stand the weather so well as true slates, 
and are thus in the long run more expensive than 
the material whose name and function they have 
usiu’pecl. 

Time slate, then, is a special and peculiar mate- 
rial, which not only splits into thin layei’s, but 
possesses v'aiious distinguishing chai’actei’s, which 
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enable us to sepamte it from other rocks wliich at 
first sight appear to resemble it. In order to 
\inderstand these characters, we should provide our- 
selves with a small j)ioce of Welsh or Scottish roof- 


ing-slate, iUid a small fragiiuMit of uidmary “hliale,” 
such as every native of a coal-district knows so 
well. Two such pieces of rock jdaoed side by side 
are \eiy like oni» tuiotlu*!’. Both probably are sonic 
tint of grey, bl\U‘, or black ; l>oth split easily into 
thin layers ; and, what is more important, both 
show themselves to be nothing more than hardened 
mud, since both, if pounded down in water, give 
rise to a clayey ooze. These are striking and 
weighty i)oints of resemblance, but they are accom- 
panied by less conspicuous though fundamental 
])oiiit8 of dissiinilanty, which make the difference 
between ** shale ” and slate,” and which we must 
briefly enumerate and consider. 

‘‘ Shale,” as any geologist will tell us, is nothing 
more than haixlened and consolidated mud, origin- 
ally iiccumulated at the bottom of the sea or of a 
lake, and now converted into rock. Vast quantities 
of mud ai'c earned down into the ocean by rivers 
when in flood, and all of this at last finds a resting- 
place at the bottom of the sea. As the supply of 
mud is intermittent and })eriodic, it follows of 
necessity that the I’esulting accumulation on the 
floor of the sea is composed of successive layei*s, 
such layers being thicker when the mud is brought 
down in great quantity, and thinner when the 


supply is less abundant. The quality of the mud 
is, also, not invariably and at all times the same. 
Sometimes it is moi-e or less largely mixed with 
sand; sometimes it may be intermingled with 
minute particles of decaying vege- 
table matter ; or at other times it 
may be reddened by the presence 
of iron. Moreover, the mud, in 
accumulating on the sea-bottom, is 
very likely to entomb any animals, 
such as shell-fish, which might 
happen to inhabit the sea at that 
pai*ticuhii' locality ; or it might 
contain the lea\es of ]>lants or the 
braiiches of trees, or even the 
bones of laud animals, brought 
down by the flooded river. 

Now, such a deposit of muil as 
we have here supposed to be formed 
in the. sea, when hardened and 
compressed fonns “ shale and the 
pt'culiarities of this rock are simiily 
those du(‘ to the method in which 
it was foruu'd. Thus, if we look at 
a bed of shale, or even at a single 
small piece of it, we find that it is 
conspicuously made up of tliicker 
or thinner layers. That these layei s .nre the oHguud 
layers of mud, thrown down one by one and at 
successive periods on the sea-bottom, is sufficiently 
shown by the fact that they often difler from one 
another more or less in grain, that they may be 
difierently coloured, and, still more, by the fact 
that we often find between them the shells or 
skeletons of manne animals or the leaves of 
])lant8. 

One point more remains to be mentioned, as 
showing the method in which shale is formed, and 
it is one which can only be shown by means of the 
microscope. If, namely, we lake a little bit of 
shale, and grind it down to such a thinness that it 
becomes transparent, we can bring the microscope 
to beai* upon it, and we can investigate with pre- 
cision the very minute particles of which it is com- 
|K)sed. When we do this we find that shale (Fig. 2) 
is composed of very small particles or grains of 
clay, and sometimes other mineral substances, 
which vaiy in size, and which are usually more or 
less rounded or irregular in outline. We find, 
further, that these particles are arranged without 
any definite order, the larger grains being pro- 
miscuously mixed up with the smaller ones, just 
aa we should expect, if we recollect that shale ia 
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formed by the slow sinking of mud and clay sus- 
pended in water. 

Let us now turn from shale” to ‘‘slate,” and 
shortly consider the points of likeness and unlike- 



Pis?. 2. —A Slice of Shiih', viewed under the MicroMCope, and highly 
lUMKUifled. 

nosM hetwoeii thoiii. Ordiiinry slate, like shale, is 
liardened mud, and there is no doubt wliatever 
Hint it was originally formed in the same way, 
namely, as a deposit of fine clayey ooze accumulated 
at the bottom of the sea. Thoi’e is no doubt what- 
ev(n* of this, but the jiroofs of it do not lie at the 
suifacf', and are, thc'refore, not very easily re- 
cognised. Tf, however, you take a piece of Scottish 
or Welsh slatf', or, lietter still, if you goto a slate- 
quany and look at the rock ujion a largo scale, 
you will be able to see that slat(‘ is composed of 
alternating layers of mud, of different thicknesses 
and of different grain. Very often, also, there is 
a diff(*rence of colour in these different layers, giving 
rise to what is called the ^‘.stripe” of the slat(\ 
That these differently grained and differently 
coloured layers represent the onginal layers of 
mud, as successively de])Osited on the ocejui bed, 
is proved to conclusiveness by the fact that very 
often — in some slates, at any rate — you may find 
lines of shells or other fossils running along these 
layers and corresponding with them. 

So far, then, slate and shale agree with one 
another, and this is sufficient to prove that they 
aro essentially the same, and that they were origin- 
ally fomed in the same way. At this point, how- 
ever, we have to face a difficulty, which appears to 
be almost an insuperable one, and in which lies the 
fundamental distinction between slate and shale. 
If we look at our piece of shale, we see at once that 
the differently grained and differently coloured 
layers of which it is composed are all iwnilhJ mth 
ih^ flat surfaces of the fragment which we are ex- 
amining. It is along the line of these layers that 
the shale splits if we apply force to it ; and if any 
ahells or o^er fossils are present m the fragment, 


they are found in layers which are also parallel to 
its upper and lower surfaces. On the other band, 
in a piece of slate we tind all this reversed. We 
find the same alternating UmiruB of varying grain 
and colour; we sometimes even find the same layers 
of fossils ; but all these now at some anghj 
iften at right angles to the flat surfaces of the slate. 
The slate no longer splits along these alternating 
layers ; in fact, it usually strongly resists violence 
applied to it m a direction corresponding with 
these ; but it will now split almost indefinitely in 
a dii’cctioii wliich cuts these layers at a greater or 
lass angle. This singular difference in tlie behaviour 
and structure of slate as comjiajed with shale is dia- 
grammatically shown in tlie annexed sketch (Fig. 3) ; 
and as this is the distinguishing i)eculiarity of slate, 
we must consider this point at gi’eater length. 

Admitting, as we must do, that slate and shale 
are essentially the same, in so far as they were 




Fisf. 3. — Diaarram nhowing the ditterent MocIoh in which Shulo nud 
Slate (a) Block of Shale, showing on ite f(U}e and Bid(.R 

the differenlly grained and coloured Layers («, a), along which 
the Bock splits, (b) a similar Slock of Slate, showing the 
same IjayerH(a, a), along which the Bock will now not split, and 
wliieh only remain on tho faoc and sides of the Block as Lines of 
varying texture, the Block now splitting along the planes indi- 
cated hy tho fine Lines on tho side and top (b, bj. 


formed tho same way, and were, therefore, to begin 
with, identical, it is clear that something has 
haiJpened to the slate by which it lias a.ssumecl its 
present peculiarities. The characters of the shale 
are such as we shouhl (‘Xj^ect it to have wlieii 
w’o know its mode of origin ; whereas tlie slate has 
certain new and striking peculiarities. The slate, 
therefore, is neither more nor less than shale which 
has lieen altered in some way since it was ongin- 
ally fonned. The conspicuous feature of this altera- 
tion, as we have seen, consists in the fact that tlie 
layers of mud comjiosing the slate have generally 
become fiimly amalgamated with one another by 
cohesion, at the same time that they proserve their 
distinctness due to difference of grain or colour; 
while new lines of weakness have been developed, 
in virtue of which the slate now readily splits into 
thin layers which intersect the onginal lommB at 
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To this capacity for Bphttmg into to the w “ atrata of ^ «»fc. may he 

b^re no necemry cormpondmce made up. Whatever may be the potion of the 
Me linal layem oftbemk, geologists bare beds-bowerer greatly they may be folded or 
^ith the ongmai y ^ ^ «cleaved" twisted -^tbe dearage-plmes preserve a more or 

given the imme of ok g • constant direction. Ifenoe, in districts where 

i-ock, and its flat sin-faces, o y I j , . earth has been much bent and 

with these, arc thpfi(>called “c ea\age^ fractured, the cleavage-planes often intersect the 

rrs 'V. by .. 2- 

jwcuJiar stricture ntTecfin^r not oiiJy an iiuiiMcIiial 4), where the strong lines lypiesent the fo ded beds 
piece of rock or a single hed, hut an entire irnct or or strata, and the fuie linos indicate the diiectaon of 
district, it may be hundreds of miles in length, and the cleavage-planes. Thus, at the point marked a, 
developed not only in the hardened mud which the cleavage-planes cross the original strata nearly 
constitutes ^‘clay-slate,” but also in other i-ocks, at right angles, whereas at 6 they approximately 
such as limestone, sandstone, or volcanic ashes, coincide with the linas of bedding. Tlie disregard 
^1. ^ell-k^Own “gr^n 

a nile, how’ever, cleavage is 

most peiiectlv develowd in ^ —marram Bhowmg Cleava^f^-PlaneB, m reproBented by ibe lino Lines, croBsmg a cun’od 

the fine-gi’ained mud-rocks ; 

and in rocks of coarse texture the cleavage-planes of the original lines of stratification sliowni by tb( 

geiiemlly become remote and iiTegular, Hence, cleavage is a clear proof that the cleavage-plane* 

when we find beds of clay alternating with beds of wore dev<*loped Iat(>r than the lines of hedding 

sandstone, the former may be beautifully cleaved, Fii*fet, tlu* rock was laid dowm in successive beds oi 

while the latter may be quite free from traces of strata in the sea, and then it was subjected to sonn 

cleavage. In such cases, however, the sandstones force which more or less completely welded togethei 

will generally show evident signs of having been and sealed up these beds, and enabled it to splii 

subjected to gi-eat pressure. Without entering along a number of now lines. Lastly, we find thal 

further into details of this kind, there arc one or cleavage is most commonly and most perfectly de 

two important facts connected with the develop- veloi>edinrock8ofvery ancient date; or, if it shoulc 

ment of cleavage iqion a large scale, which cannot ho present in rocks of more modern age, it is onl> 

be passed over in entii'e silence. Foremost amongst in cases where these rocks are now found raised tc 

these is the fact that while the area occupied by gi’eat elevations, or otherwise exhibit j)roofs ol 

cleavetl rocks in any gi\eu country maybe a having been subjected to great pressure and disturb 

very large one, the general dii’ection (the so-called a nee. Thus the great slate-districts of Britain arc 

strike ”) of the cleavage is almost always parallel North Wales, the Lake Country, and the Higblandp 

with the gi’eat lines of fracture and uplift, which can - <Iisiricts occupied by old Silurian or Cambnan 

be shown on other evidence to traverse tlie i-egion. deposits. Slaty cleavage is also very commonly a 

This establishes, to begin with, a presumption that conspicuous feature in rocks belonging to the later 

the forces which have l)een at work in raising the j period of tlie Devonian; and in the later, but still 

I'egion (or its mountain-i*anges) to their present very ancient, series of the Carboniferous the same 

elevation, ai’e also those which have given rise to structure is often observable. The common occur- 

Oie cleavage. Again, while the trend or “ strike ” rence of cleavage in old rocks raises a probability 

of the cleavage is generally tolerably constant in a that the formation of slate is in some way due to 

given region, the direction in which the cleavage- mechanical pressure, for we have plenty of evidence 

planes intersect the rocks (the so-called dip ”) is that all the more ancient rocks of the earth’s crust 

usually very variable. Under any cii'camstances, have been subjected to intense pressures and strains 

also, the cleavage-planes pay no attention whatever at different periods since the time of their first 


of the original lines of stratification sho\\m by the 
cleavage is a clear proof that the cleavage-planes 
wore dev<*loped later than the lines of bedding. 
Fii*fet, th(‘ rock was laid down in successive beds or 
strata in the sea, and then it was subjected to sonu' 
force which more or less completely welded together 
and sealed up these beds, and enabled it to split 
along a number of now lines. Lastly, we find that 
cleavage is most commonly and most perfectly de- 
veloi>ed in rocks of very ancient date ; or, if it should 
ho present in rocks of more modern age, it is only 
in cases where these rocks are now found raised to 
gi’eat elevations, or otherwise exhibit jiroofs of 
having been subjected to great pressure and disturb- 
ance. Thus the great slate-districts of Britain are 
North Wales, the Lake Country, and the Highlands 
- ilisiricts occupied by old Silurian or Cambrian 
deposits. Slaty cleavage is also very commonly a 
conspicuous feature in rocks belonging to the later 
j^eriotl of tlie Devonian; and in the later, but still 
vciy ancient, series of the Carboniferous the same 
structure is often observable. The common occur- 
rence of cleavage in old rocks raises a probability 
that the formation of slate is in some way due to 
mechanical pressui^, for we have plenty of evidence 
that all the more ancient rocks of the earth’s crust 
have been subjected to intense pressures and strains 
at different periods since the time of their first 
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formation. A similar oonolusion is pointed to by 
the fact that hne-grained rocks of any age which 
can be shown to have been much compressed or 
folded, generally exhibit a more or less perfect slaty 
structure. 

Not only have we the general probabilities above 
pointed out in favour of the du’ect connection be- 
tween cleavage and mechanical pressure, but we 
have various facts which raise this probability to 
the rank of a certainty, and which further enable 
us to see how it is that pressure can produce cleavage. 
Perhaps the best way to arrive at an understanding 
of this subject will be to begin at the final link 
in the chain of proof, and to consider the efiect of 
direct pressure upon a mass of clay. Such a mass, 
if mingled with any large-sized particles, such as 
scales of oxide of ii*on, may be taken as fairly re- 
presenting the original and unaltered material of 
slate — viz., clayey mud with a variable intermixture 
of large-sized grains of sand, mica, &c. Let us now 
follow Mr. Sorby in one of his beautiful expeii- 
ments, and let us subject this mass of clay to a 
pressure sufficiently great to reiluco it, say, to one- 
half of its original volume. What results follow 
from this compression, apart from those of 
altered form and increased density 1 Theix) are 
two very important and interesting results pro- 
duced, as diagrammatically shown in the annexed 
sketch (Fig. 5), In the first place, the mass of clay 



Fto. 5.— Diagram of a masa of Clay mixed with scales of Oxide of 
uon hefore and after Pressure, (a) Shows the mass in its origmal 
oouditioa, with the scales promisononaly scattered through it. 
(b) Shows the same mass after compression, with the scales 
arrani^ in Lines running at right angles to the Pressure, the 
Dlrecnon of the latter being indicated by the Arrows. 

will now allow itself to he split into an almost indefi- 
nite number of thin layers, all of which are parallel 
with each other, and intersect the mass m a direction 
<U right angles to the direction in which the pressure 
toas applied. In other words, the clay is now 
** cleaved,” and it has become convei-ted into a true 
AUe. In the second place, it will be found that 
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the scales of oxide of iron, which were originally 
promiscuously scattered througli the mass, have 
now assumed a new and definite arrangement. 
They have changed their original position, and 
have placed themselves with their flat sides facing 
the point from which pressure was applied. The 
long axis of each scale is thus directed now at right 
angles to the pressure, and hence the scales greatlv 
conduce to the easy splitting of the mass in the 
same direction. It is not, however, necessary that 
elongated or scale like particles should be present 
in the mass subjected to pressure, for, as Professor 
Tyndall has shown, perfect cleavage can be induced 
in pure white wax by the application of a sufficient 
pressure. 

Witli the certainty that artificial cleavage can be 
produced by pressure, we have next to see if a 
similar cause can be held as accounting for the pro- 
duction of slate ; and it is quite clear that we can- 
not acce}>t such an explanation, unless slate shows 
phenomena essentially similar to those presented 
by such a compressed mass of clay as we have con- 
sidered ; that is to say, slate, if formed by pi’essure, 
<mght to split or cleave in a direction at right angles 
to that in which the pressure was applied to it, and 
it ought to exhibit evidence that its particles have 
re-arrangod themselves in such a manner that their 
long axes |X)mt in the same direction. As a matter 
of fact, both of the required proofs can be 8uppli(^d, 
with more or less certainty. It is not, of course, 
possible to declare with absolute positiveness in 
what direction pressure may have been applied to 
any given mass or bed of slate. Still, there are 
many proofs that the })resfeure which has produced 
cleavage-planes in slate has been ai)plied in a direc- 
tion at right angles to these planes. Thus, the 
strike of the cleavage, as has been before mentioned, 
is generally parallel to the great mountain-ranges 
or geological lines of elevation in a country. Again, 
there is every reason to think that the chief forces 
which have caused foldings and crumplings of the 
earth's crust on a large scale, have been thrusts 
and strains developed in a direction ta'ngmtial on 
the whole to the earths surface; xnd this would 
account for the generally very high and often 
vertical inclination of cleavage-planes. Leaving 
such points, however, to the consideration of the 
professed geologist, we can easily show that slate 
fulfils the other required condition, in exhibiting a 
very marked re-an'augement of the minute particles 
of which it is made up. Not only does slate ex- 
hibit the clearest proof of its having been subjected 
to an intense compressum — a compression which 
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^ to bn, hoe,, »o»jl <• 


OK l,Jf ot if origiuJ tall-, 
fom«l on it Ih kigk deni t, ml temcty on .h^^k 
its oommerml value largely depends; but we can 
also show tlmt the particles of the rock have so far 
changed their place as to Lave disposed themsel\ es 
along the Jinos of leaat resistance. TJiis is readily 
sJiowii by two phenomena of familiav occim-ence in 
tJje sJate-i’ocks. One of those is tlie constant, and 
to the scientific obsei'ver extremely vexatious, d/s- 
U»'iion ill the shape of all fossils in a slate. All 
fossils, such as shells, are pulled out and Imgihtmd 
in the direction of tits cleavage- 2 )lane 8 . This distortion 
is exhibited in the accompanying drawing (Fig. 6), 
representing the skeleton of an ancient Crustacean, 
termed a Trilobite, in its true shape and as distorted 
by cleavage. This phenomenon proves conclusively 
that there has been in the slate a kind of sliding 


fti'e neither— we have, however, atSl the meona of 
proving a similar r&'m&ngement of the particles of 




the 

we 


]P]^g 7.~.A. Fragnxeut ot Blate, cut into a thin Shoe, and 
niQgnj^ highir. 

slate, if we have recourse to the micro8co][)e. If 
look at a slice of slate ground sufficiently thin 
to be transpai'ent, we find that all 
the longer particles of the slate are 
aminged with their long axes })oint- 
ing in the direction of the cleavage- 
planes (Fig. 7), and therefore at 
right angles to the pressure by which 
the cleavage was caused. In the 
same way, all flat particles, such as 
plates of mica, are so disposed tliat 
their flat surfaces correspond with 
the cleavage-planes; and there can 
bo no doubt that the jK^rtection of 
the slate and the facility with 
which it can be divided into thin 
plates depends veiy largely upon 
this re-armngement of the minute 
particles of which the rock is made 



Fig G —A Trilobite (Angdma Scdmtcht) in its natural Condition (a), and as 
distorted hj Cleavage (b) 


movement of the particles composing it, ihe move- 
ment taking place along the line of least resistance, 
or, in other words, along a line at right angles 
with the pressure, and therefore, necessarily, along 
the planes of cleavage. Not only are fossils drawn 
out in this way, but if the rock happen to contain 
pebbles (as is sometimes the case), it is found that 
these pebbles have undergone a similar re-arrange- 
ment, so that they are all disposed with tlieii long 
axes coinciding in direction with the cleavage- 
planes. 

Even when there are neither fossils nor pebbles 
m the slate — and in the best roofing-slates there 


up. 

Upon the whole, then, there is 
an iiTesistible body of evidence in 
favour of the view that slaty cleavage is the result 
of the o])eration of intense lateral pressure upon 
fine-grained rocks. Sometimes, no doubt, the pres- 
sure requisite for the production of slate may be 
derived from some local source, of mei*ely limited 
application. For the pressures, however, which are 
capable of converting large areas of rock into slate 
we must look to those mighty telluric forces which 
are develo|)ed as the result of reactions going on 
between the heated interior and the cooled exterior 
of our planet, and which are the efficient agents in 
the production of mountain-ranges in particular, 
and of dry land in generaL 
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A POITD, AND WHAT IS IN IT. 

By B. B. Woodward, F.G.S., etc. 


A S dull an ditch-water” is a good old English 
XL saying, carrying us back to a time when the 
study of natural history was a thing not di'eamt of 
by our forefathers. No one in those days thought of 
impaling beetles (or bugs ” as all insects were then 
indiscriminately called) on pins, of arranging them 
in drawers, and calling it “ entomology.” In those 
good old days bats were blind, and toads spat fire ; 
and he who dared to doubt it, or manifest any in- 
terest in the works of nature, was quickly suspected 
of being in league with the Evil One, and treated 
accordingly. With the advance of knowledge 
many of these old popular notions died out, and the 
invention of the microscope, and the subsequent 
iiiipro\einents in it, gradually brought to light the 
fact that tlie duller and dhtior the ditch, the more 
it teems with innumerable minute living beings. 
The i>()j)ular mind, nevertheless, still clings with 
limpet like tenacity to the old saw, and fails even 
yet to realise the importance of the discovery, 
either through sheer ignorance, or the want of a 
due a])preciation of the works of nature. Next to 
the ditch, the iioiid seems, from the pojiular point 
of view, about the dullest thing imaginable ; and 
yet both the microscopist and the naturalist hold 
that a pond is one of the finest hunting-gi*ounds ” 
possible. The geologist, too, will, when consulted, 
testify that more may be learat from half an hour’s 
careful observation of what is taking place on the 
edge of a pond where a stream is running into it, 
than by many days’ reading. 

This, to bo understood, must be put to the proof. 
The would-lie naturalist must seek out the nearest 
pond, and there, on its banks, work out its histoiy 
for himself. 

The first jioiut he will Imve to consi<ler will bo 
the appai*ently trivial question of What is a 
;30nd, and how ai'e jionds formed ] ” We say ** ap- 
parently trivial ” because it is in the careful reason- 
ing out of seemingly simple questions such as these 
that some of the grandest law^ of nature become 
clear to us. 

Our naturalist probably settles in his mind that 
a pond is nothing more nor less than a hollow in the 
ground filled with water, and ha^i'ing disposed of 
that head, will find, as Hercules did in the Hydra, 
others in place of it — viz, “Whence did the 
water come ?” and How was iliis hollow or de- 
pression formed ? 


In i-esponse to the former question he will first 
call to mind how, when the rain is falling on soil 
into which it cannot soak, the water, seeking the 
lowest level, runs into the minor inequalities of 
the ground and forms puddles. Then oi-guing from 
the less to the greater that the bigger the hollow the 
bigger the puddle, he at length arrives at one snfli- 
ciently large to be dignified by the name of a pond. 
Ponds, again, mnge upwaixls in size, and finally 
merge into lakes (pp. 311 — 313). 

To the second question our friend might urge 
that these hollows wore merely due to the wearing 
and tearing action on the earth’s suiface of tho 
various atmospheric agencies (already fully described 
at pp. 33 — 40 and 110 — 124), and that tliough 
the slope of tlie siUTOunding ground might bo 
impcrce|)tiblj to the eye, yet the water, unerringly 
obeying tho law of gravity, has collected in this 
tl’3 lowest spot of all. To this we may add that a 
local subsidence, following on the removal by water 
of earth below the surface, may likewise give rise 
to a ]i)ond, as will also the formation of a bariier, 
whether natural or artificial, thrown across tho 
valley of a stream. Since water-tiglitness is a 
necessity for their existence, and as, in nine cases 
out of ten, clay is the inat(irial tliat insures 
tliis qualification, it follow^s that jionds are most 
ahuinlant on clayey soils ; and not unfrequcntly 
do they indiciite to the field-geologist t)jo presence 
of tliis rock in places w here it might not otherwise 
have been sus[)ccted. 

Wlicn we have satisfactorily solved the (piestion 
as to the causes that brought our pond into exist- 
ence, we shall boat liberty to consider wliat is in it. 

Tliis W’e shall find is a less easy task, and can 
only lie acconipUsho<l by paying a seiies of \ isits, at 
dilicrent times of the year. 

The first thing that strikes the eye on ajiproach- 
ing a pond is the thick green cariieting spread in 
patches over its surface. This car|>et and the in- 
numerable little floating plants that coiiqiose it ai^ 
well knowm to all as the Common Duckweed. A 
figure of some of these plants — duckweeds — with 
their long roots, is given on p. 98. 

Thei'e ai*e two other kinds of duckweed to be 
found in England. One is very similar to the lost, 
but the leaf is larger, with red under-surfaoe ; 
whilst the Ivy-leaved Duckwee<l is sufficiontly 
desciibed by its name. 
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Peeping ont amongst the duckweed the lanceo- 
late leaves of tlie Broad Pond-weetl are to be 
or, perchance, instead, the round ones of the Frpg- 

"^^Below the surface, the Water-milfoil and the 
Elodea form a vast subi«iueous forest, thickly 
tenanted by water ci'eatui'es. 

This latter plant was iii’st introduced into 
Bntain fioin North Ameiica in 1847, but it 
hjicedily became so abundant as to ha\e in some 
places imi>cded the naMijatioii of rivers and canals. 

With the plants of the jHind, howevei, we liave 
less to do at the present moment than the animals, 
and accoidiiiijly tiiin oiii attention in that flirw- 
tion, jussing m biief leview the moie impoi’tant 
exainplob. 

In yondor sunny cornt‘r the surface of the water 
IS kf^pt 121 constant agitation by numerous small 
filiiniiig black specks mo\iiig in and out and round 
about each other with uutiiing activity. If this 
state of pei})ctu<il motion imiy l>e taken as a sign of 



Tig 1 — Loi-va and Imago of Whirligig Beetle (Oynnun natatoi ). 

its happiness, the Whirligig Beetle {Gtfruuis va- 
tatoT — Fig. 1), for he it is, ought to be the meiiiest 
of the pond-dwellers. 

There is a peculiarity in the structure of the eye 
of this beetle woi thy of our notice. Each of these 
organs is divided by a longitudinal partition into 
two parts, which practically endows it with four 
eyes. Of these, one jiair is directed upwards and 
keeps a sharp look-out for the approach of danger 
from that quarter ; wliilst tho other, directed 
downwards, sujierintends the commissariat depart- 
ment. 

The prey (small insects, <fec.) is seized by the fore 
pair of legs, which are lengthened for that purpose, 
the two hinder pairs being modified into sliort and 
broad paddles, whereby the insect is enabled to 
perform its marvellous gyrations. 

The lord over all the water-insects, however, is 
the big fellow now rising to the surface for the 
purpose of taking in a fresh cargo of air, which he 
carries between his wing-cases and body — they are 
all air-bimthers, these water-insects, and as readfiy 
drowned as you or I. Having laid in an adequate 
supply, off he stai'ts again in pursuit of fresh 


victims* Indeed* 

formidable enemy thttn ftiii Beetle 

{DyiicuB S)* m hd h 

from all attacks by a edU df beside which 

the best ever worn by tlm 
was clumsy in the last degrwa 
His wea{>ons of offends eonslit of a most tettible 
pair of jaws, coupled with an aismy of suckere on 
the extremities of the first and second pahs of 
so that, once in his grasp* the tmlucky prey has not 
tlie slightest chance againat its assailant* 

Nor is the larva less Toraoious than the perfect 
insect ; for, though a soft-bodietl grub, it possesses 
a ferocious pair of sickle-shaped jaws, hollow from 
end to end, through which it sucks tlie juices 
of snails or any weaker brother it can seize, 
A pail* of amf)le wings, mysteriously folded u]> 
under the wing-cases, ai« ready to bear the 
Dylicu^i from pond to pond at pleasure, or when 
tom piled by a summeris drought to shift his 
(ju.u'ters. 

Thi.i beetle is one of a large family, and his 
cousms of vai’ious degiees of removal, and ranging 
down wauls in size, aie always to be found in the 
same situations and pursuing the same coui'so of 
life 

Walking lather than swimming through the 
wat<*r, is a larger thougli far less pweiful beetle — 
the great Water Beetle (Hydroua ^lisceus — Fig. 4) — 
falling a prey at times, it is said, to its more active 
neighbour tlie Dytirus In colour he is black, and 
in point of diet mainly a vegetarian, though the 
larva resembles that of Dyticua both m legimen 
and general apparance. 

Abundant as are the beetles in every pnd, they 
are rivalled, if not surpassed, in number by the 
“ Norfolk-Howard family. Most conspicuous of 
these is the Water Boat-fly {Notonecta glaucor^ 
3), who may be seen floating at the surface of 



Fig 3 —The Boat-fly (Kotonccta 


every piece of water, engaged, like the beetles, in 
taking in a fi’esh supply of air; but whilst the 
beetle is back upprmost, the bug prefers to swim 
with his back downwards — ^an arrangement which. 



Fig. 2.— MsTAMOftPHObKB OF TBB Plubosb bBBTLK (Vyticru morgiTU 
The Male Beetle Is on the wing; the Female Is on the Surface of the Water. 


however seemingly awkward from our point of 
view, is to the Notomcta an advantage, enabling it 
to attack its prey from beneath ; a mode of assault 
which he is said to practise with success on even 
the small fish. 

Unlike tlie beetles, too, the larval stage of the 
bugs is very similar to the adult, and individuals 
of all ages will be found together. 

Still more plentiful is the nearly-allied Corim, 
who can be easily distinguished from the Boat-fly, 
as he follows the normal mode of progression (t.e., 
back upwards), and who descends from the surface 
as if going down a spiral staircase. The middle 
pair oi legs are the longest, and are used as anchors, 
by means of which this insect may be observed 
holding on to the pebbles at the bottom, and giving 
at intervals a kind of spasmodic flip with his paddles. 
In amongst the weeds another kind {Naucoria cimi- 


coides) will be found : a flat, oval, and rather soft- 
lK)died little fellow. 

By far the most curious- looking memljers of this 
interesting family are the Water Scorpion {Nepa 
cinerea — Fig. 6), and his first-cousin the HcmcUra 
{R. linearis)* The former owes his name to the large 
size of the fore-limbs, which are carried straight 
out in front, like the claws of his namesake, and to 
the presence of a bristle-like tail. The body is 
oval and not thicker than a sixpence ; the middle 
and hind pair of legs are very slender, and by no 
means adapted for swimming; hence he dwells 
amongst the thick weed, seldom venturing into clear 
water ; but, relying on his close similarity to a dead 
leaf, awaits with open arms the advent of the 
foolish water-creature that shall firet pass within 
reach. 

The only thing in which, at first sight, the Nepa 
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appears to resomble the Ramiro, is the brisUe-like notion seise us that onigia«Q]r tlwjr iat(BE8,|, 
taiL Tins, in reality, consists of two bristles placed and were subsequemtiy the etw % 

close togetlier. Down the inner side of each there passed under a mangle, whilst the other Vn pilla^ 
uins a gioove, so that when in juxtaposition they through the keyhole. 

form a fine tube leading down to the cavity between Skimming over the sur&ce k anothei lanky 



Fzff 4 —H ETAU0BPH08ES 01 TUK Gbxaz Watlb Bextlb (Hj/droHs pMOFtld). 


the wings and the body, and the creature can there- individual, the Water Boatman (Gerris pahidum ) ; 
fore obtain a fresh supply of air without coming quite whilst neai tlie margin the most elongated of them 
to the surface, by simply extending the tip of this all {Hydnmetm atogwonim— Kg. 6) may be found 
tuW above the water. In other respects, they appear crawling on the aquatic plants and decaying vego- 
veiy different, the Ranatra being as long and tation. 

cylindrical as the Ntpa, is broad and flat. Closer Besides the foregoing, so to speak, permanent 
msjiection proves Uie diflferraice to be in degree, residents, there are some insects that spend a 
rathor than in kind ; and the more narrowly we portion only of their eTiatence under water. The 
compare them, the more does the somewhat ludicrous c^nnmnn ia a fatviil'ioiri 
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wludli also the Mayfly and Di^gon*fly (Fig. 7) 
t>ebag»all time paaamg the larval and ptipd stages 
uudw water.* 

But it is time for us to pass from these rapacious 
individuals, to speak about some 
of the more peaceful denizens. 
Gliding along at the surface of 
the water, shell downmoat, we 
observe several different kinds 
of |)ondHsnails. The commonest 
of these is the “Wandering 
Mud-snail’’ {Limnasa peregra)^ 
which is not only widely dis- 
tributed — occurring throughout 
Europe, and ranging into Siberia 
and Tibet — but also most sub- 
ject to variation accoixling to 
surrounding circumstances 
in which it is placed. Indeed, 
it is not impossible that the local form known 
as the Ear* shaped Mud-shell {L. auricularia) may 
be merely a very expanded variety of this same 
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“Wanderer,” though not yet acknowledged as 
such by authorities. The finest of our fresh- 
water molluscs is the Pond Limnasa (L, stagmiuf), 
whose spiral shell measures nearly two inches in 
length, two-thirds being taken up by tJie last, or 
“body-whorl,” as it is called. He is a famous 
aquai'ium glass-cleaner, but has an unfoi'tunate habit 
of dying in some out-of-the-way comer of the esta- 
blishment, the first announcement of his decease 
being the unwholesome state of the water. 

In all the Limnasas the shell is very tldn, semi- 
transparent, and hom-coloxured ; and the external 
surface, especially in Z. atagimlisj looks as if it had 
been hammered all over. Then there is tlie fresh- 
water limpet {Ancylu8 lacvstru), and the Coil-shells 
(Planorbis)f varying in size from that of a half- 
penny downwards, in which the shell, instead of 
being spiral, is wound upon itself like a watoh- 
spring. 

* A moit amusing aooount of the two last-mentioned is given 
in Kingtlej • “ Water Babies ; ** and a short bat graphic de- 
scription of fche metamorphoses of the Dragon-fly has already 
appwed in these pages, together with figures of the different 
stages (pp. 76, 77). 


Ml 

Crawling on the bottom Is yet another snail, of 
very different appearance ; proportionately shorter 
and dumpier thiufi the limmeas of a greenish- 
yellow tint, with brown bands. The peculiarity of 
this genus (Faludina) is that the eggs are hat<^ed 
within the shell of the parent, the young eBca{)ing 
at about the end of two months. 

If we descend into the mud at the bottom, the 
“ fresh-water cockles ” (CydoB and Pmdiuw)^ and 
possibly the fi’esh-water mussels {ATwdon and t/nic), 
will also await ua The Oydas “ di’aws out ” of the 
mud during the summer months, and may be found 
climbing the watei^plants, or floating neai* the 
surface. 

That delight of juvenile anglers, the common 
three-spined stickleback {Gasterosteus aculeatus) is 
sure to be present in all his glory. Nor is he to 
be despised; he has a scientific fame, is a nest- 
builder, and not only does he build the nest, but 
also, arrayed in a coat of many colours, watcliea 
over and defends it against all cornel's, with a 
coumge unequalled in one of his small size. 

Here also is the Great Warty Triton (Tnton cn«- 
tatuH — Fig. 8), with black-spotted orange waistcoat; 
and bis lesser relative, the common newt (Lmo- 
triton punctatus); whilst the eggs and tadj^oles of 
the common frog and toad may be had in abundance 
during the spring months. The life-history of the 
newts and frogs is a study in itself, as has already 
been shown (p. 81, etc.). 

It would take a volume to describe the water- 
spiders, water- mites, leeches, and inynad lesser fry 
that people the subaqueous foi^st; and he who 
would make himself even superficially .acquainted 
with the fauna of a jwnd, must arm himself with a 
good net, and attack the ci-eatures in tlieir weedy 
stronghold. A net on a long stick will do a great 
deal, certainly. The surest method of proceeding is 
to detach the net from the stick, and fasten it by 
four short coi'ds to the end of a stout line, and then, 
having weighted the end of the net witli a bullet or 
two, and lined it with gauze to prevent the escape 
of the small specimens through the meshes, huj*l it 
right out into the middle of the pond, and drag it 
to shore through every |>ossible patch of weed, Tlie 
“ net ” result should then be shaken out on a level 
spot on the bank, the quairy captured, and speci- 
mens taken home for the purpose of ident;^ctttion 
and study. 

By proceeding in this wholesale manner, speci- 
mens that might otherwise escape get dragged in 
and secured. 

A careful examination of the gauze lining should 
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be made between each haul, as Bmall specimens, 
auob as water-mites and minute larvae, are sure to 
be found sticking to it. 

At present we cannot do more than dip a wide- 
mouthed glass bottle into the water where the 
weed is thickest, and hold it up to the light to see 
if any of these lesser inhabitants are present. 

There are some little whitish creatures skipping 
about with a jerky motion that has earned for them 


therefore be seciufed whenever found, as it is one of 
the most beautiful objects imaginable under the 
microscope. 

Had we suspected its presence hei*e, we should 
have certainly mentioned it with the other pond 
plants I still, better late than never. 

Another point of interest in connection with our 
subject deserves to be mentioned. Supposing a 
new pond to be formed at some distance from any 
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the name of water-fleas. They claim no relation- 
ship, however, to the Apbrndptera^ being in reality 
crustaceans of the genera Dwphnia^ Cyclops, Ac., 
and are interesting as microscopic objects. Two or 
three water-mites, looking like small hairy-legged 
spiders, with red bodies, complete the list of visible 
animalcules. The rest must wait till we get home. 

But stop 1 What are these green specks roving 
at will through the water] The Volvox gkhaior, 
or moving vegetables, so sought after by the 
mioro8co{AstB. It is rather capricious in its choice 
of locality and times of occurrence, and should 
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previously existing piece of water, how is it that 
before very long it becomes thickly populated ] and 
what forms are likely to anive first] Now, the 
air we breathe is full of small specks of dust called 
motes, as may be seen when a ray of sunlight is 
shining into a room. Many of these specks or 
motes are nothing more than the germs or eggs of 
tlie thousand and one animalcules so prevalent in 
all waters. As soon as ever these germs alight on 
water, development commences, and the matured 
individuals, by their rapid multiplicatidh, itpeedily 
stock the new • found bitmition with lifa The 
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msectS; of course, find their way thither on the 
wing. The beetles, especially Dyticun^ are great 
nocturnal fliers, plunging down at cock-crow into 
the nearest piece of water j hence their occasional 
piesence in water-butts, or the durance vile of a 
roadside puddle. The newts and frogs, too, will 
travel by the overland i*oute; but how do the 
snails get there] This has been answered by 
Mr, Darwin, who suspended the feet of a duck 
in an ucjuarium, where the eggs of fresh-water 
shells were hatching. Some of the young snails 
crawled on to these feet, and adhered so firmly that 
they could not be jarred off, though readily falling 
at a more advanced age. These young molluscs 
when taken out of the water survived in damp air 
from twelve to twenty-four hours, during which 
])eriod a long journey could be made by the bii*d. 
The same observer also mentions that a Bytwm 
was caught with an Ancylm firmly adhering to it ; 
and were any one to take the trouble of intercept- 
ing these beetles during their nocturnal excursions, 
they would doubtless be found to play an important 
part in thus distributing the smaller species of 
water - creatui*ea The transference of fish from 
place to place, without calling in the aid of the 
before-mentioned juvenile angler, is, however, a 
question that does not admit of easy solution at 
present. The seeds of plants, on the other hand, 
may be ti'an8|)orted in many ways. 

Enough has now surely been said, in oven this 
brief Bi)ace, to show that a pond, so far from being 


as devoid of interest as most people seem to con* 
sider, is, in reality, an inexhaustible source of 
both amusement and instruction. Amusement in 
watching the — tons, at all events — curious behaviour 
of its inhabitants, either in a state of nature or 
when kept in an aquarium ; instruction, in syste- 
matically studying these various beings collectively, 
or as separate members of the animal kingdom : or, 
when we consider their distribution, the abundance 
of some particular species in one locality, and its 
variety or absence in another ; or its prevalence 
at one season of the year and scarcity at another : 
or again, in ascertaining the effect on them of the 
presence or absence of mineral matter, such as lime, 
iron, (fee., in solution in the water, with many other 
questions of a like nature too numerous to be 
detailed. 

From the foregoing remarks it may be gathered 
that ponds ore interesting — Firstly, in themselves, 
their presence being due to physical causes, not 
merely in operation at the present day, but also in 
remote bygone ages ; secondly, on account of the 
vaiious fonns of life they contain. These alone 
are a life-long study, embracing as tliey do repre- 
sentatives of most of the zoological sub-kingdoms, 
from the back-boned amphibians down to the lowest 
forms of animal life, where they pass almost imper- 
ceptibly into the vegetable world; whilst researches 
into their habits, economy, structure, distribution, 
iS^., marshal before one a host of interesting ques- 
tions, and numerous as yet unsolved problems. 


THE CAXDLE-FLAME, AND SOME OF ITS LESSONS. 

By R. Gerstl, F.C.S. 


T here are few phenomena in nature so wonder- 
ful as the flame of a candle, or — what is, as we 
shall presently see, essentially the same — the flame 
of an oil-lamp, or of gas, or of the burning coal in 
our fii*e-places. Yet who pays any particular atten- 
tion to it? Very likely that familiarity,” which 
is responsible for so much neglect, has to account 
also for this indifference. 

Wo will try in these lines to awaken the reader’s 
intei*est in this subject by bringing before him 
briefly the chief points necessary for an under- 
standing of the process of visible combustion; and by 
hinting, still more briefly, at some of the important 
oonolusions which result iivm the study of tRat 
process. 


Any piece of candle will do to begin our observa- 
tions with. We select one of wax on account of its 
cleanliness. I may take it as generally known that 
the material is a secretion of the bee. On allowing 
our specimen — say one of which twelve go to the 
pound — to bum for awhile, we notice that it 
diminishes in size; and wc know that after a certain 
number of hours the whole of the candle will have 
diRap]>eared, short only of an insignifleant remnant 
which ceases to bum because the little stump of 
wick will drop out of its place. Well, what has 
become of the candle] has it been destroyed]-— 
that is, has it become To receive an 

answer bo this question we shall resoii) to the 
balance. This is an old instrument — we find it 
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already on Egyptian bas-reliefs ; but its application 
in the investigation scientific problems is of 
comparatively recent date. Its introduction into 
chemical research forms a landmark in modem 
science. We will place a small piece of our wax 
candle on a perforated cork (a, Fig. 1), fit it into 
one end of the cylindrical glass tube, now push 
into the other a piece of wire-gauze (6), so as to form 
a kind of netting, and place into 
tliis latter lumps of caustic soda. 
A copper wire, fastened round 
the glass tube in the manner seen 
in the diagram, permits the whole 
contrivance to be hung at one 
end of the beam of a suitable 
pair of scales (Fig. 2). After 

Fi*. 1. - Perfor.t<,a Slaving balanced it, the cork is 
Cork (a) and Wire- taken out, the candle on it is 

(j&iUiSO (o), 

lighted, and the cork now quickly 
put back into the tube. In a few minutes — four or 
five — the beam-end carrying the glass tube will 
descend.* What does this mean? Nothing less 
than that the candle in the course of burning in- 
creases in weight. Whence comes the substance 
which adds to the original weight of the candle, 
and what is this substance ? 

Before we jmrstie further this question, we must 





Vig. 2.--Showu)g I&orecuie of .Weight in a Bnniing Candle. 


first know which part of the candle is really the 
source of the fiame. If we scrape some chips of 

* Borne Utile eare is required in the execution of this 
ei^timent, but details of manipulation may be omitted in 

a popular expositioiv 


wax off the candle and heat them (Fig. 3) in a tea- 
spoon over the flame of p rhaps another candleii 
the wax will melt, emit fumes, and these soon 



Pig 3 —Decomposition of Wax by Heat. 


bunst into flames, which resemble closely that of 
the candle. If, on the other hand, we take a 
piece of dry lamp-wick and light it, we tdiall get 
a flame barely able to maintain its life. We see 
then that it is the wax which feeds the flame, and 
that the wick’s function is merely to convey by 
suction the molten wax to the region of the flame, 
where it is conveited into vapours, just as in the 
heated spoon. 

And now, why does the candle increase in weight 
during burning ? Is anything else feeding the flame 
besides the wax ? We know we ai’e surrounded 
by a substance called air, and it is a common ex- 
perience that the presence of this agent is indLsj)en- 
sable in the burning of our light and heat giving 
mateiials. Let us place a piece of burning candle 
into a bottle and close the mouth with a cork. In 
a few minutes the candle will extinguish, and we 
shall notice that the inner sides of the bottle are 
covered with a film of moisture. On pouring some 
clear lime-water t into the bottle, we observe that 
the liquid becomes turbid, and after standing awhile 
deposits a fine white powder. 

Here we must make some slight digression. In 
1774 Joseph Priestley had discovered that by heat- 
ing a red powder, in those days called calx of mer- 
cury, a gas i was obtained, in which combustible 
bodies burned with great brilliancy — indeed, in 
which materials incapable of burning in the ordinary 
air, like a piece of steel wire, did so with intensity 
in the new air. Very shortly after him, Lavoisier, 
a great French chemist, found that by heating 

t lime-water is prepared by shaking up a little slaked lime 
with water, and, after (lowing it to settle, pouring off the dear 
liquid from the sediment. 

t ChM is a sdentifio name for aeriform bodies. It in derived 
from Qi,ut^ the German for ** ghost.” 
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metallic meroary for a sufficiently long itoe in an 
inclosed space of air, the metal was transformed into 
red calx of mercury, that this weighed more than 
the original ihe^, that the increase in weight was 
due to a fixing of a portion of the air in which 
the metal had been heated, and, finally, that the 
remaining portion of the air, which was incapable 
of supporting the burning of a candle, weighed 
exactly l^y so much less as th^ mercury had gained 
in weight This portion of the air has received 
the name of oxygm. 

We commence now to guess why the candle in 
our experiment had increased in weight. As in 
Lavoisier’s experiment the mercuiy fixes the oxygen 
of the air, so does in this case the vapour of wax. 
But to arrive at a complete understanding of the 
process, we must acquaint ourselves with the pro- 
|)erties of two substances of which the wax of the 
candle is principally made up, and which in burning 
are transformed into those bodies that are retained 
by the caustic soda in the experiment with the 
balance. 

By pouring a mixture of water and hydrochloric 
acid on some pieces of zinc, a gas will be evolved, 
which proves to be combustible. On trying this ex- 
periment in a flask closed with a coi*k (Fig. 4), into 
which a long thin glass tube 
is fitted, a steady little flame 
may be obtained. On holding 
a tumbler over this flame we 
notice the api3earance of mois- 
ture, and if we use an arrange- 
ment as shown in Fig. 5, we 
are able to collect a sensible 
quantity of the liquid, which 
is the product of the com- 
bination of the oxygen of the 
air with the gas iss\iing from 
tlie bottle, and proves to be 
water. The gas has been 
called hydrogmi^ of which 
Gi*eek word the equivalent 
in English would be “water- 
generator.” 

It will now be quite cor- 
rect to conclude that when- 
ever water is formed during the combustion of some 
substance, there must be hydrogen present in the 
burning material ; and chemical analysis has really 
shown that wax — as, indeed, the great mass of 
animal and v^etable matter — contains hydrogen. 

But there is something else formed during the 
burning of the candle. It was mentioned above 
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that on shaking up the air in the bottle in which a 
piece of candle was allowed to bum until it ex- 
tinguished, with clear lime-water, a white powder is 



formed. Now, on burning a piece of charcoal in a 
current of air, and passing the gas obtained into 
lime-water, we obtain the same white powder. 
The gas is a combination of the carbon which has 
burnt away, with the oxygen of the air, and has 
been called ca/rhonic acid. Here, too, we shall be 
correct in concluding, that whenever carbonic acid 
is produced in the combustion of a substance, there 
must be carbon contained in that substance. Thus 
we infer that wax must contain carbon, since it 
yields, during burning, carbonic acid. In like 
manner, if the gas resulting from the burning of 
colza oil, or paraffin oil, or coal-gas, or cool itself, 
is passed into lime-water, we obtain proof of the 
formation of carbonic acid. 

This is the place to observe, that caustic soda, 
a substance obtained from the ordinary soda so 
much used in households, possesses the property of 
absorbing carbonic acid, and, to a ceitain extent, 
also of retaining moisture. It was on account of 
these qualities placed in the upi^er part of the glass 
tube in which we burnt the candle for the purpose 
of showing the increase in the weight of the 
burning candle. 

If we collect the white powder formed by pass- 
ing carbonic acid into lime-water, and put a drop 
of vinegar on it, we notice that it effervesces — 
that is, that it evolves some gas. Supposing we 
did this in such a manner as to be able to pass this 
gas into lime-water, we should obtain the same white 
precipitate as before. We have therefore our car- 
bonic acid back, and that, too, in a pure state, not 
admixed with such parts of air as were unconsumed 
in the burning of the charcoal. 

It is worth our while to study some of the 
properties of this gas. But in oi*der to obtain it 
in larger quantities we employ white marble and 
hydrochloric acid, it having been found that the 





Fig. 4.— Evolution of 
Hjdrogen. 
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former contains carbonic acid. We sball employ 
an apparatus as shown in Fig. 6. The large bottle 
with the funnel-tube contains the marble and the 
acid ; the smaller one, 
directly joined to it, is 
filled with oil of vitriol for 
drying the gas, oil of vitriol 
possessing the property of 
abstracting moisture from 
bodies it comes in contact 
with. On pouring some 
muriatic acid, diluted with 
water, down the funnel- 
tube, the evolution of car- 
bonic acid will at once 
begin. If we fill a tall jar 



Pig 6.->^Apparatus for prepaxmg Dry Corbonic-Acid Gas 

with the gas, we find that a burning candle in- 
ti’oduced into it is extinguished. If we fill a glass 
beaker, which had previously been balanced (Fig. 
7) on a suitable pair of scales, with carbonic acid, 
the pan containing the beaker will be seen to sink. 
The heaviness of the gas can also be shown by 
pouring it, like an ordinary liquid, from one vessel 
into another, and then lowering a burning candle 
into the latter (Fig. 8). 

That which applies to a candle, applies also to 
the fiame of an oil lamp or to a gas fiame, or, 
indeed, to the fiame of any of the materials com- 
monly used for lighting and heating ; in all these 
cases water and carbonic acid are the chief products 
of the combustioiL 

As the atmospheric air surrounds the whole 
earth, it is natural that combustible gases, like 
coal-gas, or the gas got by heating wax, Ac., should 
bum in the air ; but tliis is no necessary condi- 
tion of burning. Should an atmosphere of coal- 
gas envelop our globe, a jet of what now con- 
stitutes the atmosphere would bum equally well. 


Tliis may be shown by a very simple arrange- 
ment. 

A chimney-glass (Fig. 9), such as used in an 
ordinary paraf&n iSmp, is provided with a twice 
perforated cork; through one of the Roles a stiaight 
tube, of about ^ inch in diameter, passes; tlirough 
the other a bent one (6), of perhaps \ inch bore. 
Gas is allowed to enter thorough 6, and after l)eing 
lighted the ohimney-|;la8s is fixed upon the cork. 
The gas-supply is now increased until the flame, 
gradually vanishing, at last leaps over to tlie air 
which enters at the wider tube, being drawn in by 
the draught On lighting the gas w hicli issues at 
the top of the chimney-glass, ocular evidence is 
afforded of an atmosphere of coal-gas surrounding 
the air-flame. On introducing through the wide 
tube a narrow one (a), and conducting coal-gas 
through the latter, wo obtain the interesting phe- 
nomenon of a coal-gas fiame burning in an air- 
flame * 

The inhalation of air in our breathing has been 
known for ages post. But it was only since 
the process of combustion had been undcratood 
that the chemical part of breathing had been 
fully ascertained. We know now that the 
oxygen of the atmosphere is conveyed through 
the lungs to the blood (p. 218), and that 
the exhaled air contains water, in the sha[)e 
of vapour, and carbonic acid. Surely, this ab- 
sorption of oxygen and emission of carbonic 
acid and water seem to be the same process 
as the burning of the wax candle] But whence 
come the caibon and the hydrogen required for 



Fig 7 — lUuBtrating the Heavinese of Carboiuc-Acid Qa). 


the formation of those two substances? The answe 
given by chemistry is, that it comes from the fooii 

^ The BUOoeM of these experiments depends very much on 
good proportkms in the width and length of the tubes ; bui 
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which we take, and which is composed chiefly of 
carbon and hydrogen, combined together in the 
most different pro^>ortion8. A burnt slice of toast, 



Fig* 8.— Pourmar Cftrbonio-Acid Gas from one Vessd to another. 

a charred mutton-chop, are familiar demonstrations 
of the existence of carbon in these articles of food. 
The presence of carbonic acid in the air given 
out by our lungs may easily be demonstrated by 
hlowwig through a glass tube (a) into a bottle (Fig. 
10) with lime-water: the appearance of turbidity 
will give us the desired j»roof. If we draw through 
tube b air into the liquid, no turbidity will ensue. 



Pig. 9.-~Baming of CJomtnon Air in an Atmosphere of Coal-Gas. 

It was stated that carbonic acid is unable to 
support combustion ; it has to be added, that it is 
equally unfit for breathing, and, from the analogy 
of the processes of burning and breathing, we can 
conceive that it must l>e so. But it is not only 
details of this kind need not be given here, from reasons ah'eady 


that carbonio-acid gas by itself is detrimental to 
the continuation of both processes ; the admixture 
of a certain proportion of it to the ordinary air 
is capable of bringing about the extinction of a 
flame or of life. Now, rince we produce contanually 
carbonic acid by breathing and burning, it becomes 
necessary to pay attention to the renewing of the 
air in our dwelling-rooms and other inclosed spaces. 

It was stated al)Ove that 

carbonic acid is heavier 
than the atmospheiic air ; 
we would therefore con- 
clude that the carbonic 
acid evolved by breathing, 
and lights, and fires would 
accumulate at the floor of 
the rooms. But this is 
not the case ; carbonic 
acid, when warmer than 

cends. We may make Pig. lo —AppanitTm for detect- 
this evident by placing a expired by the Lungs 
stand (Fig. 11) carrying 

three burning pieces of candle, fixed at different 
heights, under a belbjar. That the candles will 
extinguish we know; but on this occasion we shall 
also see that the topmost candle dies first, the 
middle one next, and tJio lowest one last. 

If in this experiment we provide for an inlet of 
fresh air (the rough edge of the bell-jar, not touch- 
ing the table everywhere closely, offers sufficient 
means for this), no change in the course of the 
process will take place. r 

But if we arrange the 
bell-jar so as to allow the 
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in Fig. 12, whilst at the 

same time fresh air is ad- Hr 

mitted, the combustion I ^ 

will continue. One of the H i |^H 

candles in the experiment H i 

represented in Fig. 12 is ^ 

placed a little above the I J||^H 

lower end of the outlet I f||^H 

tube ; it will soon go out, I 

because the carbonic acid, ^ I 

accumulating at the top of 

the^ bell-jar, has to sur- IHfjjfH 

round it before it reaches Pig. ii.— Experiment for sbow* 
, i* . <1 ingthat beatedCorboxiiooAoid 

the opening of the tube. Gm Moeade. 

The fact that heated 

am — and the carbonic acid of our lungs la 
eVays warmer than the surrounding air— pro- 
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duo66 & Currout of air, la Utilisod in ventilating 
public places, &c., as explained in a previous paper 
(p, 218). This principle is illustrated in the above 
experiment: the vitiated 
air is allowed to escape 
near the top, and the 
fresh air is admitted 
near the floor. In ordi- 
nary dwelling - rooms, 
the fire-place and the 
chimney form the ven- 
tilating channel. But 
here we must stop, for 
satisfactory treatment of 
the question of ventila- 
tion is beyond the scope 
of this article. 

The amount of car- 
bonic acid in the atmo- 
sphere is from 3 to 4 
I«rt« by bidk in 10,000 

ventilated room will con- 
tain 6 paiiis in the like (quantity of air. But how 
far certain places have been from such a desirable 
condition may bo seen fiom the following data, 
obtained some years ago by Dr. Angus Smith, of 
Manchester : — 

PartH of car- 
bonic f 
10,000 of air. 


(Jhanccry Court, 7 ft. from ground, closed doors . . 19*3 

„ 3 ft. „ „ . . 20-3 

„ door wide open . . 6-0 

Strand Theatre, gallery, 10 p.m. 10*1 

Surrey Theatre, boxes, 10 p.m ll'l 

„ „ 12p.m 21-8 

Standard Theatre, pit, 11 p.m 32*0 


Tlie authority just quoted recommends a very 
easy method for ascertaining the extent to which 
the air in rooms is vitiated with carbonic acid. 
The method rests on the fact that a certain minimum 
quantity of carbonic acid is required to cause a 
visible precipitate in half an ounce of clear lime- 
water. If two quantities of air give with half an 
ounce of lime-water the same amounts of turbidity, 
it naturally follows that actually tlie same amoimt 
of carbonic acid is contained in both samples ; and 
if the relative bulk of the one to that of tlie other 
were, say, 1 to 2, the former would contain twice 
as much carbonic acid as the latter. If less 
than 6 parts of carbonic acid are contained in 
10,000 parts of air, a bottle, holding about 10| 
ounces, filled with such aii* would give no preci- 
pitate with half an oimoe of lime-water; and our 


m 

rooms should be kept in such a state of ventUa 
tion. 

We turn now to the external appeaiunces oi 
the fiames. Looking attentively at our burning 
caudle, we notice that its fiame (Fig. 13) foima a 



Fig. 13.— Different Zones of FLune, and Combastibilit.y of Gasoi 
of tbe innermost Flume 

cone, rounded at the base, and consisting of thi’ee 
shells, or zones — the innenuost (1), around the wick, 
appears dark ; the one next to it (2) is bright 
yellow, and luminous ; and the outermost (3) is 
a thin bluish wrapper, not very luminous. The 
central zone contains the va 2 )oui'B and gases aiising 
respectively from the evaporation and decomposition 
of the molten wax dmwn up by the wick. That 
there is really no combustion going on in this zone 
may be shown by quickly tiirusting a common lucifer 
match into the candle flame in such a way as to 
liave the ])hosphorus tip resting in the dark zone, 
when it will be 
seen that the wood 
will be charred 
whei’e it comes in 
contact with the 
outer burning 
shell. By taking 
instead of a candle 
a gas - burner, 
which, in conse- 
quence of having 
air admixed with 
the gas, gives a 
non - luminous 
flame (Fig. 14), 
the hollowness of 
theflame-coue may 
be demonstrated in some striking ways. Thus, if 
we insert for a moment into the broadist portion 




Fig* U.— Showing the HoUowiieis of 
Flume-Cone. 
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Fig. 16 — Another Experimental Proof 
of the Hollowness of a Flame. 


of ihe flamo a strip of folded blotting-paper, 
it will, on being withdrawn, present the appearance 
shown in A, Fig. 15, and, if the paper be unfolded, 

look as in b. 
Another proof is 
‘ that represented 
in Fig. 14, where 
a piece of stout 
white blotting- 


l)aper is pressed 
down upon the 
flame, when soon 
a brown ring will 
indicate the burn- 
ing poi-tion of the flame. That the gases in the 
dark zone are combustible may be made evident by 
inserting into the candle-flame one end of a bent 
glass tube (Fig. 13), and setting light to the vapour 
issuing at the other end. 

The second zone is, as we stated, the real source 
of the light the flame emits, and the luminous 
character is genemlly ascribed to the presence of 
very finely-divided carbon, which is raised to white- 
ness by the heat evolved in the oxidation of a por- 
tion of the gases. The occurrence of the carbon is 
due to the fact that' tlie combustible gases have not 
sufficient oxygen in the second zone for complete 
combustion, and that therefore the carbon separates 
out. By holding a piece of card-board paper over a 
candle-flame, we obtain the carbon in the shape of 
soot, and by scraping ofi* the latter and throwing 
it into a non-luminoiis spirit-flame, we produce 
scintillation. The explanation that the carbon 


separates out in consequence of insuffideut supi^y 
of oxygen is supported by the phenomenon of a 
luminous gas-flame becoming non-luminous when 
air is admixed with the gas previous to its being 
light. 

But though these instances are strongly in favour 
of the view that the luminosity of a flame is due to 
the incandescence of solid bodies, there are cases 
known of flames which give a bright lighl^ and 
yet have no solid particles dispersed in the flame. 
Hydrogen, of which it was mentioned above that 
it burns with a pale flame, will yield a luminous 
flame when burning under an increased atmospheric 
pressure. 

In the third, the outermost zone, the combination 
between the combustible gases and the oxygen of 
the air takes place in a complete manner. 

Our task is done. We know now what is re- 
quired to produce a flame, and what the nature 
of a flame is. We have also, in passing, seen how 
close an analogy there is between combustion and 
respiration, and how this leads to the subject of 
ventilation. 

But, for on exhaustive comprehension of the pro- 
cess of burning, one more question remains to be 
answered. Why do the carbon and the hydx*ogen 
obtained from the decomposition of the wax pro- 
duce, when uniting with oxygen in our optic nerves, 
the sensation which we call light ? 

At present we possess no clue whatever to this 
marvellous phenomenon; so complete, indeed, is our 
ignoi'ance, that we have not even a gleam of hope 
of ever penetrating into this mystery. 


lEIDESCENT GLASS. 

By William Ackeoyp, 

Memher of the JPhyeical Soeurti/, London. 


A mber and ememld, purjile and turquoise blue, 
are some of the hues exhibited on a Bi)ecimen 
of the clear white glass to which the name of 
iridescent or rainbow-tinted has been applied. It 
is not a rainbow, however, that it calls to mind, so 
much as the finest-formed of soap-bubbles, for at 
the sight of it we feel the same surprise, make the 
same conjectures, and are inclined to form the same 
wild theories that we indulged in years ago, when 
blowing soap-bubbles for boyish amusement. 

Can the glass ornament have something in common 
with the soap-bubble 1 And if there be some com- 
tuunity of structure, how has it been impressed 


upon the iridescent glass to make it so unlike all 
other glass-ware; in other words, to what discovery 
in the glass-manufacturer’s art are we indebted for 
these pleasing ornaments ] 

It has long been known that if glass be exposed 
for a great length of time to the action of the 
atmosphere, its surface is chemically acted upon, 
and a substance which we are accustomed to regard 
as the most durable, so far as resistance to tl.e 
action of moisture is concerned, will in time become 
entirely changed. By this chemical aotiou, thin 
plates or laminae^ are formed on the surface of the 
gloss, and these thin plates are the physical cauns 
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ol the variety ot tint displayed by glass which has 
been “ weathered ” in this way. The fact of iri- 
desoeoce resulting from long atmospheric action on 
glass was, according to Brewster, observed by Loi*d 
Brereton in 1666 ; and in recent times specimens of 
decomposed glass have been found among the ruins 
of Assyrian, Greek, and Roman buildings, exhibit- 
ing in exquisite perfection tints so brilliant as to far 
surpass any colours pi'oducible by art. 

Stable windows are peculiarly liable to this change, 
because of the action of the ammoniacal vapours to 
which they are exposed. 

The subject has been experimentally studied by 
several Frenchmen. M. Meuni^r has exhibited a 
glass tliat had been made iridescent by being sub- 
jected to the action of vapours arising from ceitain 
volcanic ashes, and MM. Fr6my and C16mandot 
have attempted to make iridescent glass in a 
regular maimer by submitting various kinds of 
glass to the combined action of heat, ]>ressure, and 
weak acid. Cl^mandot has patented this process 
in Fiance, England, and America, and it is his 
iridescent glass which now may be seen in the 
windows of most glass-warehouses, and which 
forms the subject of the jiresent paper. 

As we have before observed, a thin transparent 
film is formed by chemical action on the surfaces of 
the vases, bowls, and cups of glass, and we shall 
have to inquire how this pellucid film acts ujion 
fight to produce so many coloui’s. As a first step, 
let us see whether a thin transparent film Ls 
necessary in other cases to produce the same 
phenomenon. 

Prepare a protty strong lather of soap, and blow 
into it with a tube — as, e.^., the stem of a clay pipe. 
A crowd of bubbles arise, and each bubble is formed 
of a film of soap solution, transparont, and so 
exceedingly thin as to burst very readily. The 
film exhibits iridescent colours. 

In making a bulb at the end of a glass tube, as 
described in a former paper (p. 108), one sometimes 
blows too hard ; the bulb bursts, and an exceedingly 
thin filmy mass of glass is produced. Here, again, 
iridescent colours are exhibited. 

In the neighbourhood of gas-works, one may some- 
times see large gorgeous tracts on the surface of the 
river or canal passing by, which result from tarry 
matter having spread over the surface of the water 
in an exceedingly thin film — so thin as to be 
transparent. Here, too, the colours, which one has 
only to see to admire, arise from the tenuity and 
transparency of the tarry film. 

This last example reminds us of a patent taken 
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out years ago by the Messrs, de la Rue for orna- 
menting stationery, &c. In their process, the 
objects to be ornamented, whatever they may 
be, are immersed in water, upon the tianquil 
surface of which a little oil or spiiit-varuish is 
afterwards dropped. The varnish, spreading out 
in all directions, soon becomes extremely tliin, 
and exhibits the most vivid colours. When 
the varnish is fixed, the object is slowly raised 
so that the film will adhere to its surface; it 
is then dried, and a permanent iridescent film 
is in this manner made to beautify its sur- 
face. 

My friend Professor S. P. Thompson has lately 
published a recijie for preparing iridescent films 
that are permanent. He takes about /)4 per cent, of 
Canada balsam, and 4G |)er cent, of amber-coloured 
resin. When this mixture is sufticiently fused, say 
at a temperature oi 90" to 95° C., frames constructed 
of thill brass wire are dipjied into it. Films of the 
fused mixture adhere to the wire, and exhibit jier- 
maneiitly the usual colours, if carefully and slowly 
cooled 

From these facts it is very evident, then, that 
these 1 * 0 markable tints are produced by very thin 
plates of transparent material, and on this account 
scientific men speak of the appearance as the colours 
of tidn plates. Nor is it necessary for these plates 
to be li(piid or solid, as in the examples so far given, 
for we can get the phenomenon with a thin film of 
air. Let the reader make the following experiment : 
Procure two pieces of jilane glass, not too thick, aa 
in that case they are not sufficiently flexible. In 
fact, to make the experiment easily and to one’s 
entire satisfaction, it is better to employ for one of 
the plates a piece of the thin glass used by micro- 
scopists for covering objects. Place such a covering 
glass flat on a piece of clean window-[)ane, and pi^ess 
upon it gently with the point of a pencil. All round 
the pencil {loint there will Isj formed a number of con- 
centric coloured rings. To see them, the eye must 
be placed so as to oxteh the light at a large angle 
of reflection. This is the phenomenon known as 
** Newton’s rings,” and it is produced by the thin 
film of air which exists between the two plates of 
glass. Fig. 1 is intended to give an idea of the ex- 
jicriment, where the covering glass h rests upon a 
piece of window-pane a, and around the iiencil 
}x>int the coloured rings are formed. 

Another remarkable fact is seen in this experi- 
ment. That a p*ate of glass is not perfectly smooth 
is often evident to the unaided eye ; parallel 
flecks, and bubbles, being seen on it with easa 
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This uneven nature of the surface inay aid the 
house-fly in walking up windoir-panes; but 
H let that be as it may, when 

rjT two plates of glass are 
placed flat on each other, 
as in the experiment just 
described, these two plates 
are in contact only at a 
very few )K)intB, which 
may be conipai*atively far 
from each other. When, theiefore, we press down 
the end of a pencil on the surface of the upper 
plate, directly under the pencil ^loifat the two glass 
plates are probably in contact, and their distance 
apart increases on all sides in leaving this spot; in 
other words, the fllm of air between them is of 
variable thickness, being thinnest where the plates 
are in contact, and augmenting in thickness out- 
wards from this point on all sides. But on leaving 
the point of contact and proceeding outwards, we 
have, likewise, sevei*al series of different colours. 
Putting the two things together, the idea dawns 
upon us that the colour of a thin film varies its 
ikickness. 

We may conveniently make a stand here to 
think over the few facts so far described, and to try 
if possible to give them their place among the colour 
phenomena we have studied in former pajiers. In 
the first place we may assert that the iridescence 
we are studying is not a case of the analysis of light, 
arising from dispersion, as described in the article 
on **The Rainbow” (p. 192), For when light is 
broken up in the manner there described, we 
require a wedge of the substance — t.c., a piece of the 
transpai'ent material with two opposing faces 
inclined to each other, in 01461* to effect this 
bi*eaking up of light ; whereas, in this phenomenon 
of thin plates, the opposing ftices of tlie film may 
be perfectly parallel. Nor is it a case of Selective 
A hHorption^ such as that described in the paiier on 
‘*Tlie Colours of Animals” (p. 251), because, as 
we liave seen, many of the substances with which 
we can get the colours of thin plates are colourless 
when we examine the light which has ]iassed through 
them. This singular phenomenon of thin plates is 
therefore neither due to al)sorption nor to disj^ersion 
as we at present understand those terms. 

All this may be applied to the considemtion of 
the iridescent glass. Observation of it alone would 
have taught us little, but by gathering information 
from every available source, by careful comparisons, 
and by much thought, we can say of it, that by 
Oldmandot’s process a very thin plate of variable 


and trangparent nilitarifil is fonlied oai' tlie 
surface, tliat this thin plate actizig upon light like a 
thin film of air or soapsuds, decomposes it somehow^ 
and gives rise to the amber and emerald, purple 
and blue, and the host of other tints observable on 
its surface. 

We have now to seek for some scientino expla- 
nation of the phenomenon, and again we shall have 
to utilise the light scattered from many a source 
and converge it in one strong beam on the subject 
in hand. 

We have already seen that many things which 
are true of wave-motion as we see it in water, like- 
wise hold good for motion of the luminiferous ether 
(pp. 189, 191), and when we look into the matter 
more closely, the analogy which subsists between 
the two classes of phenomena is seen more strikingly 
still. 

A stone thrown into water pixxluces a series of 
waves which emanate from the point of distiu'bance 
in ever-widening rings. As Chaucer hath it — 

“ If that thou 

Throw in water now a stone, 

WuU wottust thou it will make anon 
A littlo roundel as a circle, 

Per’ venture as broad as a covercle ; * 

And right anon thou shalt see weel 
That circle cause Rnother wheel. 

And that the third, and so forth, brother, 

Every circle causing other 
Much broadci tliaii hixnselfen waa.*’ 

House of Fame. 

Similarly, an atom of matter made to move about 
violently, by heating intensely the substance to which 
it belongs, will disturb the ether aroundSt, and so 
send out waves on every hand which, when they 
reach tiie retina and disturb it, give the sensation 
of light. The retina is so delicately formed, more- 
over, that it can “feel,” as it were, diflerences in the 
quantity and quality of this ethereal wave-motion. 
The longest ether-waves to which it is sensitive 
produce the impression of redness, and the shortest, 
that of violet light. The intermediate colours which 
one obtains in a spectioiin — t.e., orange, yellow, 
green, blue, and indigo, are between red and violet 
in wave-length. As the result of exact measure- 
ments, we know that the mean length of a wave of 
red light is -rf^i^TTi^th of an inch, and the mean length 
of a wave of violet light yy ^ y^th of an inch. 

As we are discussing questions wliich lie outside 
of the ordinary subjects of conversation, and there- 
fore require a new vocabulary to be drawn on, we 
must now explain a few terms usually employed 

• %,s„ Put-Ud. 
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ia. ( fa wa w ii i g thaw matterg. Letw v', Fig. 2,repi«> 
wnt the waterrlevel, and the wavy line ah a' b' the 
outline of a aeriei of wavei produced by dropping 

Fif . 2.— lUiurtirating WftTe-KotioiL 

a BUme into 'water, then the elevations o£ water 
a a' are called crests, whUe the depresaiona 6 V 
are termed hollowB or Binuses ; and the length of a 
wave is measured from the top of one crest to the 
top of the next one, as, e.^*, from a to a', or, what 
amounts to the same thing, the distance from the one 
hollow to the consecutive one« as from h to h\ We 
may now continue our corapanson of wave-motion in 
the two media, water and luminiferous ether, or 
rather what we see in the former we may picture in 
the mind’s eye as occurring in the latter, and thus 
explain some of the remarkable things in light that 
we have here to deal with. 

instead of one, now throw at the same moment 
two stones on to the surface of the still water. Two 
systems of waves are produced, and they very soon 
meet at a point in the straight line which joins the 
centres of disturbance. Where the two sets of 
wave-lings meet, one of two things may hapj^en; 
either — 

(1) Crest may coincide with crest, and hollow 
with hollow, and give us crests and hollows of double 
height and depth at the place of meeting ; or — 

(2) The ci^ts of one system may coincide with 
the hollows of the other, and give us no wave at all 
at the place of meeting. 

How one wave may irUerfere with another, as 
in (1) and (2), is better seen after considering the 
part an indmdual water-paitiicle takes in the wave- 
motion. A cork placed on the surface of the water 
simply dances up and dovm when the wave passes ; 
therefore, the water-particles which carry it simply 
dance up and down, and they do not travel along 
'with the wave. The wave is consequently only a 
travelling ybrm, and is produced by the oommuni- 
oation of motion from one set of water-particles to 
another. When a wave meets another, and is in com- 
plete accordance with it, as in (1), the wave result- 
ing is formed, as it were, by the super-position of one 
on the other; for the water-pardoles would have been 
carried to a omtain height and depressed to a certain 
dgpth if only a single wave had passed the meeting- 
point at a given moment ; and when another passes 
at the very same instant, a double force is exeited on 


the water-partides ; they are carried to a double 
height and depressed nearly to a double depth* 

On the other hand, when one wave reaches the 
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meedng-point half a 'wave-length \>efore the other, 
or lags behind half a wave-length, crest is made to 
coincide 'with hollow, as in (2), and at the point of 
meeting a water-particle is constrained to go up, and 
it is equally constrained to fall down. Between the 
two there is little, if any, motion at all. The ^rst 
condition of things is represented by Fig* 3, where 


Pig. 4.— The Dieoorda&oe of Waveo. 

the waves a and 6, being in accordance, produce the 
form (a + 6). The second condition of things is 
repi*e8ented by Fig. 4, where c and being in com- 
plete discoi'dance, give us the result of tbeir mutual 
action on each other (c + d) — t.e., no wave at all. 

Such phenomena go under the general name of 
iTU&rferemey and in whatever me^um waves are 
produced, we may have such a mutual action of 
one set on another. In air, e.g,^ the sound-waves pro- 
ducing two notes slightly out of unison, will inter- 
fere with each other and give us “beats” — t.e,, a 
succession, more or less rapid, of sound and silence. 
Again, in the luminiferous ether among the multi- 
tude of waves which produce white light, under 
certain conditions some may interfere with each 
other to the extinction of certain coloured rays, 
and thus give us the colours of thin plates. The 
latter fact we must now enlarge upon. 

It may be stated generally that whenever a ray 



of light is bent by passing from one substance into 
another, a portion of that ray is reflected back* 
The ray a ^ Fig. 5, in passing from air into the 
denser medium plate-glam (p ^), is partly reflected 
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in the direction 6 « ; and the lemainder of the light 
passes forward in the direction b c» Again, whore 
the portion h c i)asses from the glass into air, a part 
of it is reflected within the glass in the direction 
c /, and a fractional i>ai-t of this hikes the direction 
fh. The ray 6 e, reflected from the first surface of the 
glass, is parallel to the ray fh, arising from reflec- 
tion at the second surface. Now imagine the thick 
plate of glass to lie gradually decreased in thick- 
ness, until its width is no more than one-<]uarter 
the length of a wave of light, say one-fourth of 
of an mch-~t.fi., and suppose, 

moreover, for convenience of calculation, that waves 
of red light are ^ waves 

of violet light of an inch in length, then 

imder these circumstances we may expect the 
following events to happen when a ray of white 
light (a 6) falls on such a plate {g g'). 

Tlio reflected rays b e and / /i, with the common 
source a, being exceedingly near to each other and 
parallel, are favourably placed for interference. 
Now, it so ha])pens, that when a ray of light is 
reflected in the endeavour to pass from one medium 
to another much denser, its waves are retarded 
half a wave-length, a fact which has its perfect 
analogue when we come to consider the transmission 
of motion from one system of particles to another 
larger and heavier. Hence, the ray b e, which is 
reflected in the endeavour of a 6 to ])ass from air 
into glass, has lost a wave-length in the act of 
reflection. The violet portion of the ray / A, on the 
other hand, has lost a whole wave-length, for the 
distance from 6 to c, and thence to /, is, roughly 
speaking, equal to the length of a wave of violet 
light (yjn/u&o X 2 = YtruoT))* The violet con- 
stituent of 6 e is half a wave behind, and the 
corresponding portion of / A a whole wave-length 
behind. There is complete discordance ; crest 
coincides with hollow, and they mutually destroy 
each other. The violet light is quenched. 

We may now consider the rays of the opposite 
end of the spectrum. The waves of red light in 
b 6 are rotarded half a wave-length in the act of 
reflection, just as the violet waves are; but the 
thickness of the glass plate bears a different rela- 
tion to the length of a wave of red light. From 
b to c, and thence to/, of an inch, is only 

half the length of a wave of red light, -^^^^^th of 
an inch. Hence the waves of red light in 6 e and 
fhf being all half a wave behind, are in perfect 
accord — crest coincides with crest, and hollow with 
hollow. The red light is intensified. 

We see, Uien, that a x>hite of glass 


an inch in thickness quenches the violet end ef 
s{)6ctrum and intensifies the red end; 
the colour of such a thin plate will probably be a 
rosy red. Here we have a colour produced neither 
by dispei*sion nor by absorption, but by interference 
of the ether- waves ; and from what we have so far 
said it will be evident that every variation of 
thickness, within certain limits, will produce a 
variation of tint. In support of the latter point we 
have already adduced facts respecting ** Newton’s 
rings,” and we may here devote a few words to 
the exi)lanation of that phenomenon. 

Ill the ex|>eriment we aro about to describe 
Newton used motiochromatic light — light of one 
colour. Such light may be obtained by salting the 
wick of a spivitrlamp, or by putting an iron spoon 
containing common salt into the flame of a Bunsen 
burner. The light is bright yellow, and if we wero 
to \)as8 it through a prism we should obtain no 
rainbow-coloui*ed spectrum, but simply a band of 
one colour — yellow. The other apparatus he em- 
ployed will be understood upon reference to Fig. 6, 
which likewise repre- 
sents the method now 
generally employed for 
obtaining “ Newton’s 
rings.” Two lenses, 
one (a a') a double con- 
vex, and the other (a a') a piano - convex, are 
placed together, so that tlie plane face of the 
latter may be in contact with one of the con- 
vex sides of the former. They are now pressed 
together by means of the sciws, and New- 
ton’s rings are produced. By employing mono- 
chromatic light, Newton obtained, instead of iris 
rings, an alternation of bright yellow and dark rings; 
and the thickness of air-fiilm producing them, 
he ascertained by calculation, having first procured 
the I’equisite data — diameters of the rings and cur- 
vature of the convex lens. His results, with the 
modem explanation of the appearances, may be put 
in this form 



Fig. 6.— Apparatus for produoiiig 
Newton’s Bings. 
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Odiumii 1 gtrai th6 votavdivtioii of ono half wavo- 
fangthf which takes place when light is reflected in 
the endeavour to pass from one medium to another 
that is denser — ^in the present case from air into 
glass. 

The reader will readily see that column 2 is 
obtained by taking twice the thickness of the air- 
film at the place referred to in column 4, and ex- 
pressing this in half wave-lengths of the mono- 
bbromatic light used. For example, the first bright 
ring is formed according to Newton at a thickness 
of air-film of yy^J^^th of an inch; and twice this, 
or the distance through the film and back, is equal 
to one-half a wave of the kind of light he employed. 

Now, pay particular attention to column 3, and 
it will be seen that wherever the retardation is an 
odd number of half wavee, there we get a dark 
ring, for we have discordance. On the other hand, 
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wherever the retardation is an even number of 
half wave-lengths — 1 . 6 ., a number of whole wave^ 
lengths — ^there we obtain a bright ring, for we have 
complete accordance. 

It will be as well for the reader to repeat the 
experiment which forms the subject of Fig. 1 in a 
dark room, employing yellow light instead of any 
other kind. To this end, it is only necessary, as 
we have already pointed out, to salt the wick of a 
spirit-lamp, or hold common salt in the Bunsen 
fiame. The alternation of bright and dark rings 
will then be seen. 

From all that we have said, it appears that 
Cl^mandot’s iridescent glass is one out of many 
examples of that phenomenon, noticed firet by 
Boyle, then by Hooke, and afterwards by Newton 
in a much more complete manner, and known as 
“ the colours of thin plates.” 


THE CHEMISTRY OF THE DINNER-TABLE. 

By pKorESsoK F. R, Eaton Lowe. 


W HEN the readers of these pages were good 
enough to join us early one morning at bi’eak- 
fast, the chemical relation between the food which 
ap|)eared on our table, and the tissues of the htiman 
body, was pointed out ; and the principal organic 
compounds essential to the complete nutrition of 
those tissues were described in detail. It was 
further shown (p. 271) that, if we wish to have a 
‘‘sound mind in a sound body ” the selection of our 
food must not be left to mere taste or caprice, but 
that we ought to be guided in our choice by a 
reference to the nutritive character of such food, 
and by an estimate of its adai)tability to meet the 
requirements of the entire system. If it is neces- 
sary to exercise a judicious discrimination in the 
selection of tlie food which is to be served up at 
breakfast, the impoiiAnce of such a course becomes 
atigmented when we have to deal with dinner, for 
that is, par eoccetteme, the meal of the day. It 
is the meal to which the humblest as well as the 
highest look for their chief supply of life-sustaining 
and strength-supporting nourishment, and in the 
preparation of which all the resources of the cuidne 
are brought into requisition, and all the skill of the 
cook called into play. It is at dinner that the 
labourer enjoys the only portion of animal food he 
can tiaually secure during the day ; it is at dinner 
that the gourmand commits the greatest havoc 
with his constitution by his excess ; and it is at the 


same meal that the epicure, who regards gastronomy 
as the only science deserving the attention of the 
human intellect, gratifies his fastidious palate by a 
long succession of highly-seasoned dishes, whose 
complicated flavours constitute, in liis vitiated 
judgment, their principal excellence. The epicurean 
devotee seldom goes to any gi’eat lengths at bi*eak- 
fast. After a hot supper on the previous evening 
he rises at ten with a headache, and complains of 
disinclination to eat. To serve him up a steak or 
mutton chop would be as tantalising as to offer a 
cigar to a victim in the throes of sea-sickness. In 
a few hours his morning languor wears off, unless 
he is hopelessly dilapidated, and he is ready for 
what he terms a “ good ” dinner, but which, as we 
shall presently find, is really an atrociously bad one. 
Its excellence is measured by the number of courses 
of which it consists ; so that a dinner of six courses 
is popularly considered to be just twice as “ good ” 
as a dinner of three ; while, to have sat down to a 
repast of ten or twelve dishes, with a wine supposed 
to be specially applicable to each, is, in the opinion 
of most people, something to be proud o£ The 
rat/imale of all this is suflSciently obvious. Neither 
the cook nor his patrons trouble themselves about 
the question of nutritiveness. The great object in 
the preparation of these long-drawn-out dinners is 
simply the production of a series of dishes which, 
by their piquancy and variety of flavour, shall 
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Aucoeenvely stimulate the appetite afresh after 
satiety has been reached. The mischief produced by 
this kind of intemperance is seriouS) and in the end 
irremediable. The physical discomfort ex^ierienced 
after indulgence in such meals is a significant 
indication of the constitutional derangement it is 
producing. In the refinements of modem luxu- 
riousness we must seek for an explanation of our 
physical degeneracy as a race, lii bygone ages, 
when, fortimately for the race then existing, 
civilisation was not sufficiently advanced to teach 
its members how to concoct, and how to eat, 
cunningly-devised sauces and ragouts, a healthier 
and hardier type of humanity prevailed. The 
Normans restricted themselves to two meals a day ; 
well would it be for us in this age of boasted 
intellectual advancement if we were to follow their 
rule of life as laid down in the following old 
triplet : — 

** To rise at five, to dine at nine, 

To Bup at five, to bed at nine, 

Makes a man live to ninety-nine/' 

It must be mentioned, however, that a Norman 
knight generally managed to spin out his dinner 
to three hours' duration. Rich soups, oleaginous 
gravies, and dainty “kickshaws,” he would have 
disdained ; but he took care that his table should 
be well supplied with beef, mutton, venison, boar's 
head, goat’s flesh, and game. His digestion was 
too good to require stimulation by hot condiments, 
but he washed down his food with plenty of Kght 
wine from Bordeaux and Burgundy, and after his 
repast beguiled away another half-hour in sipping 
his basset and other beverages made of spiced wine 
and honey. 

The Saxon regimen was somewhat similar, but 
these people were particularly fond of swine’s flesh, 
which was never absent from the dinner-table, and 
they were despised by the Normans for their in- 
temperate use of ale — a beverage which holds almost 
as high a place in the aflections of the British 
public as it did a thousand years ago. In the time 
of the Tudors, civilisation began to make rapid 
strides, so that two more meals were added to the 
daily quantum; but still they had the good sense to 
keep early hours. They had breakfast at 7, dinner 
at 10, supper at 4, and a Uvery consisting of cakes 
and mulled wine or sack at bed-time. CJoming down 
to our own time, we need not again refer to the 
heterogeneous mixture of solids and fluids partaken 
of at 6 or 7 o’clock, except to remark that the in- 
temperance which marred the simplicity of the 
Saxon and Tudor periods seemed to produce leM 
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disease and physical deterioration than the luxurious 
living of our upper and middle classes in the present 
day, although we should be soiTy to be understood 
as recommending a return to the mediseval habit of 
finishing a cai'ousal by a comfortable nap under th^ 
table. 

But let us proceed to ascertain what modem 
science teaches respecting the elements of a really 
“good” dinner. A table of the organic con- 
stituents of food has ali’eady been given in this 
work (p. 271). With the first two elements on the 
list — starch and sugar — we have little concern on 
the piesent occasion, unless our literary guests wish 
to make a dinner largely of bread. The next four 
compounds— ;/ar, alhumenyjihriny and casern — are of 
considerable importance, and constitute together a 
complete heat-giving and flesh-forming souixje of 
aliment Fat, albumen, and fibrin, are found com- 
bined in the flesh of animals ; so that we have very 
good grounds for selecting animal food as our chief 
source of nourishment at dinner. Casein is tlie 
flesh-forming element in cheese, which may be, and 
often is, by the poor, substituted for meat at that 
meal. Albumen, which forms seven per cent, of the 
blood, and is found in large quantity in the nerves, 
brain, glands, and muscles, has already been fully 
described ; we tlierefore pass on to Fihriny which 
forms the solid portion of muscle or flesh, whether 
derived from quadi-upeds, fish, or birds. When 
blood is left to stand for some hours, it sepaiutes 
into two portions — the serumy which remains fluid, 
and consists chiefly of water, and the clot or crassor 
imrUuniy which solidifies, and contains all the fibrin 
associated with the little red corpuscles which give 
the blood its characteristic colour. If the clot is 
washed with water, in which the fibrin is insoluble, 
the coloured globules may be se^Mirated, and after 
treating the solid residue with ether to dissolve fat, 
we shall obtain pure fibrin as a yellowish-grey sub- 
stance. The red corpuscles, when examined by the 
microscope, are seen to be somewhat flattened, and 
in this respect differ from the oil-globules of cream, 
which are perfectly spherical (Fig. 1). Pure fibrin 
does not dififer much in appearance from dried albu- 
men or white of egg; in fact, it is, doubtless, the 
same substance in a different molecular oonditiem, 
for we know they are mutually convertible one into 
the other. There is no fibrin in on egg ; yet, after 
incubation, we find it in the muscles of the bird ; 
the albumen therefore must have been transformed 
into fibrin. The same mysterious process takes 
place in our own bodies every day. WTion we 
partake of obeese or ^ggs, casein of the one and 
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ilie albuxaeii of the other aie converted into the 
fibrin of which our fleah k built up. The cereal 
gi'ains derive their value fi’om anotlier modification 
of fibrin, called gluten, which any one can obtain by 
the simple process described on pa^ 272 . In the 
human body gluten is also converted into muscle ; 
80 that .we have thi'ee fiesh-forming pvbiciples, 
similar in ohemical constitution, but difieriug in 
physical pt^opeities. 

Thus, albumen coagulates by heat, but fibrin 
coagulates spontaneously as soon as it is withdi*awn 
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what has it to do with the dinner-table 1 Well, if 
you are fond of roast b ef, you are fond of the 
muscles of the ox \ or, if you are partial to sole or 
salmon, you appropriate the muscles of those fish ; 
so that every piece of lean, fibrous fiosh brought to 
table — whethei* procured fi*om the butcher, |X)ultei er, 
oi fishmonger — is a bundle of muscles. We aie all 
familial' with the muscle of the human arm, and its 
power of conti’actility. If we giusp the arm tightly 
sbove the elbow, and move the hand towards the 
head, we sliall feel a resistance; because by this 
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fl) Bed OorimtcIc'S of Human Blood Imprisoned ^y tht> Kilnin In (Jonnulated Blond: (2) Globules of Human B1 lod jrstliered in Bolls: fS) GloTmlet of HtuniUI 
Blood In Bi-concave Olrnil t Discs; f4) Globules of Cnniel’n Blood In Rliiniioal Discs; (6) Globule*, of nKeou’s Blood, blliiaic Bl-convc* Discs 

S Frog's Blood. Slliptlo Discs; (7) Loach’s Blood, rounded; {&) Blood of Salamander; (9) Blood of i/rpido8ire»>. Bl*concave rounded Discs; Ud 
ood of Proteus. ^ Globules ; (ft) Side View. 


from the fluids which keep it in polutiou. In the 
blood the fibnn is dissolved by the alkaline salts — 
that is, tlie salts of soda and potash — present in the 
serum ; so that, although these salts exist in 
apparently tnfling propoHions, if they were with- 
drawn from the system the fibiin would immediately 
coagulate, and the blood would cease to flow. Tliia 
phenomenon nctuHlIy occurs after death, and in 
some diseases just l)efore deiith. 

Fortunately, there are few ai'ticles of <liet, whethei 
animal or vegetable, that do not contain more or 
leas of these valuable salts ; and when we come to 
speak of vegetables we shall notice them more in 
detail. It has been stated that fibrin is the build- 
ing material used in tlie construction of the muscles 
of all animals. 

Now the question arises, What is muscle ; and 


movement the muscle, which is attached by tendons 
at one end to the bones of the wiist, and at the other 
to the shoulder, becomes shortened, and must there- 
fore increase in diameter. What is here ndated ot 
the function of one muscle will apply with equal 
force to all other voluntary muscles. They are the 
organs by which motion in any part of the l>ody is 
Hccomjdished. We cannot walk, I’un, laugh, sing, 
or peiform any kind of ' manual laliour without 
calling into action vanous sets of muscles. 

There are muscles, such as the heart, which ]>er- 
form work indej)endently of the will. These anw 
called “ involuntary ” muscles, and they do not pre- 
sent the same fibrous stnicture as the ** voluntaiy 
muscles. If we examine a muscle of the first class, 
we shall see that it consists of a number of fibres' 
running in a parallel direction from one end to Uie 
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other, and joined together by a fine tiBSue — about 
which, by and by, there may be Bomething more to 
say, when the funotions of a muscle are considered 



Fig. 2.*><’Flbre8 of Yolnntaiy (▲; and luvoinuiury Muscloa. 


from the scientific rather than the gastronomic point 
of view (Fig. 2). Amongst the fibres run countless 
minute blood-vessels, which cany the fibrin for the 
pur)[K)8e of building up the solid parts of the struc- 
ture, and at the same time carry off the effete or 
worn-out particles which are momentarily being 
cast off or disintegrated from every muscle, even in 
a state of rest, but more especially under active 
exertion. From the blood which circulates through 
the muscles is eliminated the fat found in their 
substance and on their surface, as well as certain 
juices which give to the flesh of animals its charac- 
teristic flavour. 

The red colour of flesh is due, not to the muscular 
fibre which composes its framework, but to the 
blood which circulates tlirough the veins and arteries 
imbedded in its substance. 

If a muscle is well washed, the red colour dis- 
appears, and the pale hue natural to the fibrous 
structure itself is observed. The variation in colour 
observable in the flesh of diffeient animals is due to 
the constituents of their blood — as, for example, the 
proportion of iron — and not to any difference in the 
chemical composition of the tissue itself. In all 
animals with a back-bone, fibrin is the building 
material universally used in the construction of 
the muscular organs. The flesh of most fish is 
white from the absence of the red corpuscles in 
their blood ; while that of salmon is yellow from 
their presence in small quantity. In wild game we 
find the flesh dark, while that of domesticated birds 
is much lighter, owing to variation in the chemical 
proj>ertie8 of the blood produced by change of food. 
Again, the paleness of veal is produced by the loss 
of blood which lesiilts fiom the metliod of slaughter- 
ing the calf adopted by butchei*s in deference to the 
demand of the public for an article of diet fi-om which 
the most nutritious element has been withdrawn. 

From the flesh ot animals used as food we derive 


three important oxganio constitae&ts of limAn 

body fibrin, albumen, and fat — the first two fmn* 

ing muscle and nerve, and the last> by a q^emes of 
flameless combustion, producing the necessairy tem- 
perature of 98®, without which the function of re- 
spiration would be impeded or altogether ceosa He 
principal agent concerned in the digestion of these 
compounds is pepmij a powerful solvent stored up 
in the walls of the stomach, and only poured out 
when its assistance is demanded. When pure, this 
fluid is found to be perfectly neutral — ^that is, it 
is neither acid nor alkaline ; but it appears to be 
unable to exert any action upon the food without 
the presence of an acid. Such an acid is found in 
the gastric juice, which is secreted by the gastric 
follicles covering the coat of the stomach ; and if 
this acid is neutralised by cai'bonate of soda, the 
process of digestion will he arrested. 

In some forms of dyspepsia, as heartburn, it is 
usual to take this alkali in order to neutralise the 
excess of acid which gives rise to the symptoms 
complained of ; but it is easy to see how this ex- 
pedient can only be a temi)orary palliation, and may 
lead to a serious interference with the digestive 
function. In these cases it is best to look into 
their history, and endeavour to find out the cause j 
and it will often be found that dietetic indi8ci*etion 
is. at the bottom of the evil. A very minute pro- 
poi^tion of gastric juice seems to be essential to the 
complete solution of the food. According to Dumas, 
water bolding a millionth part of hydrochloric acid 
(the gastric acid) will gelatinise fibrin ; and if a few 
drops of pepsin be then added, the fibrin will be 
entirely dissolved in two hours at a temperature 
of 98®. 

He artificial pe|)8in oi the chemists* shops con- 
sists of the scrapings of mucus from the stomachs 
of animals, mixed with starch, and — so runs the 
legend— is of use to those with whom digestion is 
a difficulty. 

But here comes the piece de remtance^ in the 
shape of a round of beef, which we selected for the 
following reasons : — In the first place, it is one of 
the best joints, in respect to firmness of fibre and 
richness of its j uices ; secondly, it is economical, where 
you have to provide for many moutlis, as the pro- 
portion of fat and bone to lean is small ; and, thirdly, 
it looks well on the table. Beef is universally 
acknowledged to be the most useful and satisfying, 
if not the most nutritious species of flesh used as 
food by man. It may be said to be more nutritious 
than mutton in the sense that its texture is closer, 
and tliat, tliei'efore, there is a larger proportion ot 
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moA jmoe^ in ike iOmb budk. The blood 
aibouodft more ia:^ the red oorptasclea thiupi that of 
mnttom end is consequently, richer in iron. There 
are some other liquid principles, such as omazone, 
-yrhioh exist in b^f in a more concentrated form, 
and tend to give it that fulness of flavour so 
characteristic of it Beef is pre-eminently the meat 
for the robust, axid those who have to work hard 
either with their hands or their heads ; while mutton, 
from its greater delicacy and easier digestibility, 
is better suited to persons of feeble health and 
sedentary habits. Mutton also possesses the dis- 
advantage of containing more fat than beef. 

It must be borne in mind that fat occurs in 
animals under two conditions. There is the 
separated fat laid up in masses in what is termed 
the adipose tissue — the fat plain to the eye — and 
there is the liquid fat or oil, which is associated 
with the juices of the muscles, and can be expressed 
in more or less quantity from the leanest meat. 
The separated fat is stored up in largest quantity in 
the loins, and being firmer and pui*er than that in 
other parts of the body, is sold as suet for puddings 
and culinary purposes generally. Masses of fat 
also occur on the ribs, and in superficial layers 
under the skin all over tlie body. In prize cattle 
the solid fat forms a considerable part of the carcase, 
sometimes amounting to a third of the entire 
weight ; so that in estimating the comparative 
value of the flesh of animals as food, the adi|>ose 
tissue must be disregarded, and the lean muscle 
only subjected to analysis. 

Accordingly, it appeai-s from M. MareschaVa re- 
searches undertaken on this basis, that in the flesh 
of the pig — pork, to wit— there is more than twice 
the quantity of concealed fat than in that of the 
ox, and more than four times as much as that 
contained in the fowl. It also appears that there 
is more water and less muscular fibre in veal than 
in the same bulk of any of the other kinds of flesh 
examined, so that the paucity of true nutritive 
matter in veal is evidenced by chemical analysis, 
as well as by the experience of mankind. 

But our much-prized round of beef is getting cold, 
and our guests are becoming impatient, so we will 
proceed to cut it up. We make a transverse section 
of the joint with a sharp knife, and in this operation 
cut through several muscles, each of which during life 
had its own proper function, and was concerned in 
some particular movement of the body. In catting 
through the muscles, we necessarily divide the fibres 
with their investing sheaths, the nerves and the 
blood-vessels. If the meat is not too murii 
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cooked, the sheath of connective tissue’* may be 
seen in some places separatiiig one bundle of fibres 
fiem another. The nerves are fine whitish threads, 
issuing from the spinal cord, and penetrating evety 
muscle for the purpose of directing its movements. 

The voluntary muscles are called into play by an 
eflbrt of the will, and the nerves transmit the 
command to the muscle to be exerted. The nerves, 
however, are so minute that they are not of much 
importance in a gastronomic point of view; but 
the little blood-vessels, which we are dissecting by 
millions at a stroke, determine in a great measure 
the value of the joint. From their ruptured mouths 
is pouring the rich, dark-coloured gravy so suggestive 
of the exquisite tenderness which characteiises first- 
class beef. This gravy is composed not only of the 
blood, but of the albuminous juices contained within 
the spaces between the muscular fibres, aud the fat, 
or rather oil, secreted from the blood, and stored 
up in the substance of the muscles, probably for the 
purpose of facilitating motion. It will be percei ved, 
then, that the liquid constituents of the joint are 
by no means the least important part of it. The 
blood contains valuable compounds, containing iron, 
potash, soda, and lime, without which the preserva- 
tion of health would he impossible, even with a due 
supply of albumen and fibrin. The solidity of our 
bones, for example, dei^uds upon a regular supply 
of phos])hate of lime, the deprivation of which 
would reduce the solid framework of the body to 
the condition of mere cartilage. Something ap- 
proaching to this condition is seen in the disease 
occurring amongst children, known as rickets^ which 
results from the use of food deficient in lime. A 
pale, bloodless joint should be rejected, as not only 
unserviceable, but tough and unpalatable. To pur- 
chase low-priced meat is really very ixx>r economy ; 
although a working man’s wife, with only a few 
shillings in her pocket, cannot be expected to take 
home a round of beef or a sirloin. She is often 
obliged to content herself with a piece of the 
brisket or spaud, or some part better fitted for 
boiling than roasting. A piece of the shin, boiled 
with the bone, and flavoured with onion and herbs, 
will make a very nutritious and agreeable soup, 
especially if thickened with peas or rice. Cookery 
is an art of which the poor in tliis country are pro- 
foundly ignorant. Having secured the fattest and 
most improfitable pieces of meat, they cook them 
in such a way as to produce the most extravagant 
waste of nutritive material Tlie great aim of the 
cook should be to utilise all the valuable parts of 
the viand under treatment, and to prevent the 
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es(jape, as far as possible, of the contained blood 
and juices. With this object in view, the meat to 
be cooked, whether by boiling or roasting, should 
be immediately exposed to a degree of heat suffi- 
ciently great to coagulate the albumen externally, 
and thus form an impenetrable coating, which will 
impnson the liquid constituents throughout the 
process. To do this effectually, a heat of at least 
170® must be at once applied, and, after a few 
minutes, may be reduced. The very reverse of 
this method is often adopted. The meat is placed 
before a slow hre at fir^, and the heat gradually 
increased. During the operation the juices are 
constantly running out with the dripping, and the 
greasy mixture, being carefully ladled out of the 
tin, is served up as gravy to accompany a joint as 
dry, if not as tough, as a piece of South American 
junk. If it is a boiled joint, the case is still worse ; 
for the water holding in solution the albuminous 
matters which have exuded is thrown away, and 
there is not so much as a symptom of gravy to 
assist the unfortunate members of the family in 
getting down the shapeless mass of rags which does 
duty for ** the joint.” If the meat were put at first 
into water near the boiling-point, a casing of coagu- 
lated albumen would be formed, and the juices pre- 
served within till the carver’s knife set them free. 
In making soui)S, or ‘‘beef tea,” when our object 
is to extract every vestige of soluble matter, the 
reverse process must be adopted. The meat, cut 
up into very small fragments, is put into cold or 
t^>id water, and the temperature gradually raised, 
care being taken to keep it under the boiling-point. 
In this way we shall obtain a concentrated solution 
of great sustaining power, and invaluable to invalids 
who cannot take solid food. 

In estimating the percentage of nutrient matter 
in meat, it is important to bear in mind that a 
pound of raw meat will weigh considerably less 
when cooked. Owing to loss of fat, water, 
and other liquids, 16 ounces of beef-steak when 
cooked become reduced to 12 ounces. In mutton, 
the loss is somewhat greater, from the larger pro- 
portion of fat and water. An approximate calcula- 
tion only can be made of the relative proportions 
of fat and nitrogenous or flesh-forming material, 
in the flesh of animals as a class, for the proportions 
differ considerably in different individuals, according 
to the breed and the extent to which the fattening 
process has been carried on. Thus, a prize ox may 
have 34 per cent, of fat, and only 15 per cent of 
nitrogenooB matter; while a lean one may afford 
16 per cent of fat and 18 of flesh-forming elements. 


In pigs the fat is still more abundant : inscttnectMai 
thefeeding has been conducted withsuchskiU andi^uo^ 
cess that the poor animals rejoice in, or perhaps de- 
plore, the existence of 50 per cent of fat in their com- 
position. In average specimens, thei'e is about 14 per 
cent of nitrogenous matter, and 28 per cent of fat 
This brings us to the subject of pork, of which 
we warn our readers to eat very 8{)aringly, for the 
following reasons : — 

In the first place, it is indigestible *, secondly, it 
is too oleaginous, and communicates an unpleasant 
greasiness to the skin ; and thirdly, it is liable to 
disease. There is, no doubt, a peculiar richness of 
flavour in roast pork which makes it popular, and 
sucking-pig is not surpassed in delicacy by the flesh 
of any animal. When we consider how extensively 
salted pork in the form of bacon is used by the 
English poor in the place of fresh meat, and what 
an important part the pig plays in Irish domestic 
economy, swine’s-flesh becomes invested with an 
importance which the rich are not accustomed to 
attach to it. Bacon is prepared by rubbing the 
fresh meat at frequent intervals with a mixture of 
salt and saltpetre, till every part is impregnated. 
The process occupies about three weeks, after which 
it is removed from the pickle and dried. The famous 
Wiltshire smoked bacon is subjected to the action 
of wood-smoke after the salting process, by which 
it absorbs tmces of the kreasote, which gives the 
smoke its peculiar pungency. 

The effect of the treatment to which bacon has 
been subjected is to abstract a large quantity of the 
nutritive juices of the pork, as well as more than 
half the water ; so that in dried bacon there is not 
more than 15 per cent, of the latter, while the 
nitrogenous, or really nutritive element, is reduced 
to 9 per cent., the bulk of the remainder, or 74 
per cent., consisting of fat ; these figures thus con- 
veying a tolerably correct notion of the value to be 
placed on bacon as an article of diet A few words 
only need be devoted to veal and lamb. The flesh 
of young animals generally is deficient in the ele- 
ments of strength, and therefore unfitted for food. 
Veal is especially indigestible, and is rendered still 
more unwholesome by the melted butter with which 
it is often served. A veal cutlet soused in the 
conventional melted butter and flour may be a 
luxurious dish, but it is strongly suggestive of dys- 
pepsia ; while those who rather like the nightmare 
may be recommended to indulge in the same deli- 
cacy late in the evening. The bones of the calf, 
however, abound in gelatine, and are admirably 
fitted for the preparation of soups. 
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Much diacusfflon liaa arisen respecting the merits 
of gelatine from a dietetic point of view, the pro- 
bability being that, as it is absent from the blood, 
it possesses no nutiitive qualities whatever, and 
that the virtues of calf-foot jelly ” are accordingly 
fjomewhat mythical. 

Pish and game we may dismiss thus briefly. Both 
are deficient in nutritive power, and can only be 
regarded as agreeable adjuncts to our ordinary meat 
diet. PiBb having red blood, such as the salmon, 
approach nearer in the character of their flesh to 
the suck-giving animals than white fish, especially 
as their muscles usually contain fat ; while wliite 
fish, with the exception of the eel and some others, 
have the fat chiefiy stored up in the liver, as iu the 
cod. Pish contain three times as much phosphorus 
in their composition as quadrupeds. As phos* 
l^horus is an essential constituent of the human 


rheumatic and other fevers are encouraged by the 
setting up of putrescence or fermentation in the 
blood. Still the nutiitive elements in vegetables 
are not sufliciently concentrated to render it ad- 
visable to restrict ourselves altogether to their use. 

As a general rule, six ounces of cooked meat per 
diem is an ample allowance, especially for those 
who take milk, eggs, and cheese in addition. A 
word of warning is due to those who like their 
meat underdone. Pork is sometimes sold in a state 
unfit for food, as the pig is hahle to the “ measles.” 
This is by no means such a trifiing disorder as 
the infantine malady of the same name. It is pro- 
duced by a creature— K>r stage of one — called the 
measle, or bladder-worm (Fig. 3). It penetrates 
the muscles of the animal in large numbers, and 
when comfortably settled down incloses itself in a 
little capsule, or bladder (cyst). Here it remains 


brain, and requires renewal in proportion to the 
work which that organ is called upon to perform, 
it follows that a diet partly composed of fish will 
be serviceable to teachci-s, students, authoi*s, and 
others whose mental labours are severe, as well as 
to those sufifering from mental distress and anxiety. 

In game, too, the red corpuscles of the blood 
exist in small }»roportions, the ratio compared with 
beef and mutton being about 1 to 12. 

Of course, our dinner-table is well provided with 
vegetables, which are of considerable importance, 
notwithstanding that they contain from 80 to 90 
per cent, of water. Most of our culinary esculents 
were unknown here before the time of Elizabeth ; 


till some one devours the pork, and 

gives the little parasite a fresh start 

in life. It is not long in taking 

advantage of the scope aflbrded it, 

and ill a few months develops into 

a UjKjworm with 1,200 joints, and a 

head armed with suckers, to enable 

it to adhere to the intestine. Tlie 

bladder - woim, then, is simply an afpr 

intermediate stage in the life of tlie Fig. 3.— Measle- 

Ui>eworm (Fig. 4) : aud as the 6i- 

gestive process does not affect it, 


except so far as to promote its development, it 
must be sedulously avoided. The question is, 


and the diminution in cases of scurvy since that What precautions ore we to take, if we 

period has, not without much show of reason, been are to eat pork at all ? There is one tiling 

attributed to their introduction into our cvinine, that these hon’ible creatures cannot stand, 

They are rich in jwtash, which is an antidote to and that is a temperature of 160®. Well, 
many skin-diseases, and is required, as we have then, the remedy is clear; — Have tlie 
already remarked, to prevent the coagulation of jxirk well cooked through — not sujier- 

fibrin in the blood. Cabbages and other plants of ficially only — and there will be an end to 

the order Cruci/erce contain sulphur, which is also the career of the measle-worm. The corn- 
remedial in certain skin-affections. mon tapeworm, Fig. 5 (Tamm solium) ^ is 

We must now speak of some formidable diseases, more often derived from the minute blad- 
which result either from the excessive use of meat der-worm found in beef, so that it is im- 

in itself wholesome, or from the use of fiesh derived portant that we should avoid the common the 

from diseased animals. As a general statement, practice of eating this meat m a semi- 

it may be asserted that we eat too much meat raw state. Another parasite, still more 

All the constituents of the human body can be to be dreaded, remains to be described. It is the 
derived from vegetables ; and without ranging our- Trichim (Fig. 6), a little creature only the twenty- 

selves on the side of vegetarianism, we believe that fifth part of an inch in length, but armed with 

much less harm is done by the excessive use of terrible boring instniments, wliich enable it to 
vegetable diet than by a corresponding excess of pierce the firmest muscles, not excepting the heart 
animal food. The latter produces gout and gravel, itself. It propagates by millions, and, passing 
and aggravates the tendency to rheumatism i while through the walls of the intestines, sets out on 
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its migrataons. It stops at nothing except bonej 
and insinuating itself into the substance of the 



Fig 5 —Head a»d Neck of Tapo-Worm 

A.Be(d Ca)aiul Uinlv, Bbowlng gnidual lucitam lu T)lamt>ter, B, aegmeute 
or Joinu tnlnrged, caili (ontalulng Ovtv 

inuscl<»s, spreads throughout the entire l)ody. Some 
idea of their numbers may \)o gathered from the 
fact that the body of an unfortunate (German, who 
died a few years ago, was estimated to contain 



Fig« 6.— TVioHtna »pinU*8 (») , a» H«ud. a Coiled np in its Spindle* 
shaped Capsule or Cjst. 

fifty miUions. The Germans and Danes, from their 
habit of eating raw sausages and ham, are particu- 
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larly liable to be tnohiniBed ; and, 
tbe vigilance of the sanitary authoi^itiad in 
microscopically the hams sold, many still jda or 
suffer severely from Pnchinona, 

Some of our younger guests, who may have a 
penclumt for pastry, may feel some disappointanent 
at the non-appearance on our table of their farounte 
pies and tarts ; but having put a veto upon Veal 
and ix)rk, it would be inconsistent in us to serve up 
an article of diet equally objectionable. The action 
of the baking process upon the butter and lard used 
to lighten the paste is to render the oleaginous 
matter difficult of solution by the bile and pan- , 
creatic juice : the result is the jiroduction of livox 
derangement and consequent biliary disorders, 
accompanied by a dark and unhealthy looking skin 
and acid eructations. Still, we may find the balm 
of consolation in a host of boiled liuddings, which 
are not open to the same objections as baked pre* 
parations. Here is a maecaroni pudding, which, 
in a nutritive sense, may well be placed at tbe bead 
of the list. Maecaroni is nearly pure gluten or 
vegetable fibrin, and contains as much nitrogenous 
or flesli-forming material as meat or cheese. Small 
pieces are simply boiled in milk, with or without 
eggs, and eaten either hot or cold. The gluten, 
however, soon decom]>oses. Puddings made of 
Indian com-flour come next in value j but care 
should be taken that a spurious article composed of 
ground rice is not purchased for the genuine corn- 
flour. It is much whiter than that made from 
Indian com, and is almost valueless. Eice puddings 
are useful fiom the milk and eggs they contain ; but 
the excess of starch in rice renders tliat grain less 
nutritious than other cereals. Fruit puddings may 
be used with advantage, esi)ecially in summer and 
autumn, at which season ripe fruit, from the acids 
and salts it contains, is so valuable as a blood 
purifier. 

But the amival of the cheese reminds us that our 
fnigal dinner is nearly finished, and that we can 
only very briefly refer to the subject of casein. 
This is the form in which nitrogenous matter is 
supplied to the young of the mammalia, as it is 
the only flesh-forming element in milk, in which it 
is kept in solution by the presence of an alkali 
If this alkali is neutralised by an acid, the casein 
separates as curds. The curds salted and pressed 
in a mould constitute cheese. The source of the 
acid used in this country is rennet, or the stomach 
of the calf ; but on the Continent muriatic or hydro- 
chloric acid is used. Cheese contains nearly 40 
per cent, of casein, or twice the quantity of nutritive 
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tttrtter fomkd m tioo&ed meat* Ita value to those 
who can digest it 1% therefore, very great; but, 
uufoartuBately, few but those engaged in outdoor 
labour can appropriate it The richness of a cheese 
depends upon the butter it contains* In making 
Stilton and Double Gloucester cheeses, the cream 
from one day’s milking is added to the milking of 
the next day, so that an additional quantity of 
butter is incorporated with the curds, and imparts 
that richness of character which is so much prized. 
In some counties, as in Suffolk, the milk is first 
skimmed, and afterwards made into cheese. This 
cheese is so hal'd that the proverbial digestion of 
an ostrich is required for its assiiuilatioii. Cheese 
is often coloured red by annotto; and the green 
mould, so much relished by some people, is imitated 


by powdered sage^ioaves. The famous Gntyire 
cheese is made by the addition of goats’ milk to 
that of the cow, The cavities in it are caused by 
gases generated during semi-putrefaction. Cream 
cheeses are made of the impressed curds, which con- 
tain some porti<m of whey, so that they soon undergo 
decomposition and become fiuid. Casein occurs in 
peas, beans, and other plants having butterfiyndiaped 
flowers, and belonging to the family LeguminoBon, 
Having eaten our cheese, our meal is over. Out 
talk has been necessarily short; but we may, at 
least, have shown the importance of providing for 
the wants of the inner man upon some intelligent 
principle, and not simply in resiKinse to those blind 
impulses which it is one of the objects of education 
t j subdue. 


WHAT IS AN ANIMAL? 

By Dll. Andhew Wii^on, FRhE, ELS. 

Lcotwcr on Zoologij tn t?u EdiabuigK ScKool 0/ Mcdvaue, and Eacamttier in Natniral Uudw-y avd Botonu in tKo Umoerstty 0/ Qltti«goDB. 


title of tins p.iper may sound somewhat 
X. paradoxical in the ears of not a few readers ; 
and tins for the simple reason, that the ordinary 
and commonplace distinctions between animals 
and plants are, in their opinion, both obvious 
and sound. Is there any likelihood, it may be 
asked, of our confusing a bird with the tree on 
whose kindly branches it perches 1 Are we likely 
to mistake the ox for the grass it crops] Or 
is there any relationship whatever, between the 
flower and the fair being whose person it may 
servo to adorn, and whose beauty it may enhance ] 
True, the bird and tree, ox and grass, flower and 
wearer, are living beings. All possess life; and 
with this admission the likeness and relationship 
may be thought to end. There is no task, indeed, 
for the performance of which the popular mind may 
regard itself as being better fitted, tlian that of 
separating animals from plants. And any sugges- 
tion to the contrary, and which would hint that 
possibly we might experience some difficulty in 
framing an exact definition of one group or the 
other, would be naturally met with incredulity, 
and even scorn. Animals move, whilst plants ai'e 
fixed ; animals possess no leaves or flowers, whilst 
plants have both ; animals have nerves and feel, 
plants exhibit no sensations. The form, the pos- 
session or absence of powers of motion, and the 


common attributes of the life of each group of living 
benigs, thus serve apparently, and in the most satis- 
factory manner, to map out with bold outlines the 
limits of the plant creation, as distinguished from 
those of the animal world. 

Such is the philosophy of every-day life. Scien- 
tific philosophy, however, is forced to take a wider 
view of mattei's than can be obtained from the 
popular standpoint ; and one result of a more com- 
prehensive glance at the fields of living nature is 
to throw very considerable doubt on the \alidity 
and worth of the common modes of sepaiuting 
animals and plants. The i^opular ideas deal with 
the higher forms of animals and plants, and concern 
themselves with the separation of what may be seen 
with the unassisted sight, and with chai*acters m 
animals and plants that can be discerned without 
any exercise of skill. But l)eyond the risible world 
lies a universe of life, invisible save to the eye of the 
microscopist. Other worlds than ours rise at his 
l)eok and call — worlds peopled with lieings so 
diminutive that their dimensions are estimated by 
standards compared with which a hair’s breadth 
is to be esteemed gigantic. In these regions of 
the infinitely small there ai*e included beings the 
exact nature of wliich, as we shall presently see, it 
may be hard or even imiiossible to discover. But 
even within the visible portion of living nature 
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which exists around us, there may be much on 
which the far-seeing glance of science rests that is 
dubious and imcertain. It may be shown that in 
many cases the common distinctions between 
animals and plants are utterly valueless when 
applied to the identification of some tolerably well- 
known forms of life. The whole question before us 
is one w’hich has grown ( ‘it of the increasing re- 
search of modern times; the advances of science 
thus resulting in the demonsti*ation of our ignorance 
of many of the fields of inquiry which lie before our 
gaze. And in what follows we shall endeavour to 
show, not merely that the task of separating some 
animals fimn some ])lants is attended with great 
difficulty, but also that it may be impossible to 
declare, in the present state of our knowledge, what 
are the essential character of the animal, and what 
the unmistaka})le features of the plant. 

A simple exjxjriment in the production and 
development of some lower forms of life, will serve 
as a Btartmg-iK)int for our inquiries into the special 
characteristics of the two great groups of living 
l)oings. Some chopped hay is placed in a vessel, 
and through the addition of water an infusion 
thereof is made. Tliis infusion is further allowed 
to stand freely exposed to the air for a week or so, 
and at the expiry of that period we place a drop of 
the liquid under a microscope of high ]K)wer. 
Then a wonderful sight bursts ui>on our view. The 
fluid which the ordinary observer might have 
expected to be simply turbid from the 2>re8ence of 
pai’ticles derived from the dead hay, is seen literally 
to swarm with life. Eushing hither and thither 
across the field of the microscoi)e are numberless 
^ ^ ^ ^ ^ 6 siiecks, which our first glance 

f y assures us are living beings. 

i ^ When the eye has had time 

^ S' to become better acquainted 

tlie Bcene on which it 
MagntopdK** times (rt), and rests, it mav assort or parcel 
out the organisms of the in- 
fusion into various kinds or grades. There, for 
instance, are minute rod-shaped bodies which wriggle 
about with an ill-defined, jerking 
motion. These are bacteria (Fig. 

1). There, again, are bodies of dif- 
ferent form and of larger size, 
which api)ear to consist of a 
number of tlie rod-like bacteria 
Mftgniaed United, end to end, and which Magnified 

aooilmei. , , , 1 *1 • /T»* l,00atbnei. 

the biologist names vibrws (Fig. 

2 ). But we also discern bodies which are difiei^ent 
from either of the ozganisms iust mentioned, and 




which attract attention from the tapiiiity of 
movements, as they flit hither and thither like ewift 
vessels, through their miniature sea. Stay ; there 
is one of these active bodies (Fig. 3) which has come 
to rest for awhile, and which permits us, luckily, to 
obtain a better view of its form and natura You 
notice it to be jjear-shaped, and if you are capable 
of forming an idea of the size of the minute objects 
with wliich the microscopist deals, you will not he 
surjuisod to learn that the body you see before you 
measures about the three-thousandth (yiAr^th) part 
of an inch in length. This pear-shaped speck bears 
at its narrow end a long tail, formed of a filament 
which we may compare to a miniature eyelash, and 
wliich has been named a cilium. By more careful 
observation we might see that a second tail, or cilium, 
was present, and that this latter appendage was also 
attached to the slender extremity of the body. The 
body itself presents few or no featui’es for remark. 
But if we are fortunate in our selection and mani- 
2»ulation of our specimen, we shall \ye able to see 
within the body a clear round space, which ever 
and anon contracts itself with a jerk and disappears, 
only, however, to reap^iear with its clear surface as 
before. Now the creature is off again on its pere- 
grinations, to add one more unit to the hustling 
and jostling crowds which people the drop of water 
before us. You are able, as it moves, to see that the 
longer of the two tails, or cilise, serves as a kind of 
propeller, whilst the second tail extends behind ; and 
you may sometimes observe the creature to anchor 
itself by the second cilium, and then sjiin round and 
round the fixed point like some curious top of vital 
construction. Then it releases itself, and is off 
again on its wild career — jostling its friends and 
neighbours in the struggle for existence in which 
animalcule and man appear alike to participate» 
Such is a brief description of a sight well known 
to every student of the microscope, but which, despite 
its familiar nature, can rarely fail to evoke interest 
and to serve as the exciting cause of a laudable and 
scientific curiosity. What is this creature which is 
seen to be represented by its thousands in a drop 
of hay-infusion ? The popular idea that power of 
motion is the exclusive right of the animal would 
unhesitatingly declare that the creature falls under 
the paternal care of the zoologist. But the man of 
science would reply that whilst the MonadSf as he 
terms these creatures, maf/ be animals, he sees no 
adequate reason, on the other hand, for refusdng 
assent to the statement that they may be plants. 
Let us try to examine the question somewhat in 
detail, and place ourselves in the position of a 
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oomunl ftimit is to convmoe a jury (of readers) 
of the impossibility of drawing definite distinotions 
between the animal and plant worlds, or of saying 
absolutely, regarding any organism ^^That is an 
animal,’’ at ** This is a plant” 

The opposing side begin the trial of the cause 
by asserting that aniihals move, whilst plants are 
fixed, and that because our monad moves, it must 
therefore be regarded as an animal. Very good. 
Let us accept this first point for what it is worth, 
and judge it on its own merits. Our opponents, it 
is clear, are keepbig the higher plants and higher 
animals exclusively in view. But they must 
remember that our aim is not merely that of 
separating the higher animals from the higher 
plants, but of constructing an absolute definition 
and idea of an animal and of a plant. If our defi- 
nitions are to be of any service whatever, they 
must include in their scope all animals and 
plants. And as our opponents will readily admit 
this reasonable demand, wo proceed to adduce evi- 
dence against their first proposition — namely, that 
motion is an unfailing characteristic of the animal. 
Firstly, let us consider whether all animals move, 
and whether all plants are fixed. "What shall you say 
of the coral-polypes (Fig. 4), which are not merely 
rooted, but which in their strong investments appear 



I'lg. 5.— Ascxdia peduneulata, one ot the TauVeatee or “ 8eB.^\dvti. 

to possess solidity, in addition to fixation of body \ 
What can be said of the sponges, now 
proved to be true animals; or of the 
** zoophytes,” which grow rooted and 
attached from the oyster-shells and 
stones brought up from the depths by 
the oyster-dredger 1 And in addition to 
these examples of rooted animals, might 
be mentioned the ** sea-squirts ” (Fig. 6) 
or Ascidians — related somewhat to our 
shell-fish — the sea-anemones (Fig. 8), the 
Fohjzoa or ‘‘sea-mats” (Fig. 7), and many 
other truly animal forms of by no means 
the lowest grade. But even if it be said 
that the sponges, corals, sea-anemones, 
and sea-squirts, are free and active in 
the young and juvenile stage of their 
existence, this point may be fully met on 
our side by the mention of the curious 
fact that not only do many lower plants 
swim freely about in their young state, 
but some are actually free-swimming 
throughout their entire existence. A 
sea-weed begins life as a little free- 
swimming speck, propelled through the 
sea by cilia, similar in nature to those 
Other lower forms of 
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plant life, exemplified bj many microscopic plants 
that attach themselves to water-weeds, and which 
are comix)sed exclusively of cells, may be seen 
to liberate the living matter of these cells in 
the form of little fi-ee-swimmirig particles. Each 
particle is termed a zoospm'e by the botanist, 



Fig. 6.—Volt?Oie ^haior. 
(Magnified 7d0 timet ) 


and were you to see it swimming side by side with 
your monad, you would experience extreme diffi- 
culty in distinguishing between the two organisms 
— if, indeed, you could separate them at all. And 
if bodies indistinguishable from the monads are 
thus seen to arise from time and undoubted plants, 
why may not the monad be a plant! Moreover, 
there is one notable plant which does not apj^ear to 
be fixed at any period of its existence. Such is the 
Volvox ghhator or ** Globe Animalcule^* (Fig. 6), as it 
was formerly named, under the idea that it belonged 
to the animal creation. To see this organism imlling 
over and over upon itself, in company with the 
animalcules you have obtained along with it fi*om a 
stagnant pool, is a sight whicli goes a very great way 
in convincing one of the futility of advancing power 
of motion as a means of distinguishing between 
animal and plant life (p. 353). Notwithstanding its 
mobile life, the Volvox is a true plant, made up of 
an aggregation of little monads, each of wliich, like 
tho monad we first saw, has a pulsating space, and 
two cilia for locomotion, but, in addition, containing 
Morophyllf or the green colouring-matter found in 
plants (p. 295). And it is a noteworthy fact, that the 
old division of the Infusorian animalcules, as defined 
by Ehrenberg, has long since been resolved into a 
multitude of separate and distinct organisms. Many 
of the so-called “ animalcules ** of this observer are 
now known to be merely the locomotive and young 
stages of lower plants, and some of the “animal- 
cule#^ of tolerably recent years — such aa Volvox 
itself — have been ascertained to be true plants of 
adult kind. 

Thus, it may be held as proved, we think, tliat 
power of motion per se, is a characteristic of little 


or no value in drawing lines of demarcation between 
the animal and the plant. We may pronounce the 
same verdict on the distinctions which are com* 
monly drawn from /orwi, and from the general sbapo 
and configuintion of body. Unquestionably, were 
the higher animals and plants the sole subjects 
of remark, this latter method of separating them 
would be found efficacious and trustworthy , But 
recollecting that we must iuclude all aadmals and 
all plants in our definition, we see that amongst 
the lower forms of life there exist many organisms 
which, as far as mere form and appearance are con- 
cerned, might belong either to one or other group. 
Our monad is exceedingly like many Infusorian 
animalcules, but it just aa closely resembles many 
lower forms of plant life. Nor is this confusing iden- 
tity of form with plants, peculiar to lower animals 
alone. Here (Fig. 7) is an organism we have just 
picked up on the sea-beach. It apjiears to be a piece 
of pale brown sea- weed, and as a sea-weed, it is almost 
invaiiably preserved in herbaria by seaside vdsitors, 
who most laudably unite a study of nature with the 
labour of holiday-making. In dindging-expeditions 
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you obtain specimens of the same organim growing 
rooted to oyster-shells, and to stones, and as you 
behold it thus attached, you mig^t have little doubt 
left that you had fished up a marine plant from the 
sesHlepths. But scan the surface of this fimira or 
“ Sea-mat/* as it is called, with a pocket-lens, and 
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you will see that it presents a very regular division 
into cells, which crowd both surfaces of the 
organism. Or, better still, examine a bit of living 
Flustra, microscopically, and then all yoiu' ideas of 
its plant-nature will be nithlessly dispelled. For 
you then see that from each cell of this supposed 
searweed comes foi*th a little crown of tentacles, 
forming the “ head ” of a little animal, which, were 
your anatomical skill more advanced, you might 
demonstrate as possessing a mouth, stomach, intes- 
tine, and other belongings of the animal world. The 
Flustra, in short, is a colony of animals, niunbering 
its population by hundreds, but which, nevertheless, 
gi’ows by budding, and in tlie strange verisinodlitude 
of a plant! Nor is the Flustra singulai* in its 
mimicry of the vegetable world. On the Bea-shoi*e 
you may pick up dozens of specimens of equally 
curious animal organisms, collectively known as 
“ zoophytes,” and which Aiimic in the most exact 
fashion the foims of trees and shrubs. The well- 
known SertularianB or sea firs (Fig. 9) get their 
popular name from their resemblance to fir-trees; 
other species mimic shnibs and vegetation of more 
iiTegular Bha})e, and with spreading branches, deceive 
the seaside visitor into thinking they are the waste 
of marine forests. Each zoophjrte, again, is simply 
a colony of animals, of lower lunk than the tenants 
of the Flustra*colony, but, like the latter, growing 
in the exact likeness and fashion of plants. Thus, 
the assertion that the form of the animal is always 
chai’acteristic must fail equally with the statement 
regaining the value of the power of motion in dis- 
tinguishing the animal from the plant. 

But, it might bo asked if chemistry, with its 
fertility of resource, with delicacy of experiment, 
and with almost endless analytical ix)wers, is 
unable to select any substances, the possession of 
which would form an unfailing characteristic of 
cither group of living beings 1 To this question a 
negative answer must be given. Cuvier, the cele- 
brated Ficnch naturalist, affirmed that the element 
nitrogen was peculiar to animals; but this state- 
ment has, years ago, been proved to be utterly 
erroneous, and nil other attempts at the purely 
•chemical separation of animals and plants have 
likewise failed as our knowledge of oiganic 
chemistry has progressed. The living substance of 
animal and plant bodies is seen to be essentially 
identical. It consists of the matter now well known 
under the name and the farther back 

we trace the life-history of animals and plants, the 
more confusing in their chemical composition do 
they become. So that the living substance found 


within the cells of plants, and of whidi the bodies 
of the lowest animals are formed, and that of which 
the germs of high and low animals alike are com- 
posed, is seen to be identical under the strictest 
examination of the modem chemist Thus, what- 
ever differences in form, in chemical composi- 
tion, or in other points, are afterwards bvolved. 



there exists a perfect identity in the yoimg con- 
dition of animals and plants, in respect of the com- 
position of the living matter from which they are 
formed. 

It might also be shown that some substances long 
regarded as belonging exclusively to plants are now 
known to be manu&ctured as natural products by 
animals. The chhro^U, or green colouring-matti^ 
of plants, occurs in many animalcules — ^this fact 
rendering the identity of many of the lower forms 
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of life more and more oonfuaing — as well as in 
animals of higher grade. And a starohy sub- 
stance known aa cMuIob^ (p. 52), of which the 
walls of plant-cells are composed, is found abun- 
dantly in the outer layer or coveiing of the 
bodies of those MoUuscoid animals named Sea- 
squirts ” or Ascidians (Fig. 5). Sugar and starch, 
known to every one as vegetable products of 
characteristic kind, are now ascertained to be 
manufactured in a perfectly regular fashion by 
animals, which, as it would seem, are bent on the 
close imitation of the chemistiy of plants. And 
stranger still, it would appear that the chemical 
and vitiil piocesses of animals are imitated by 
I>lants ; for it has been shown that in the develop- 
ing seed of a vetch there exists a pnnciple, or 
‘‘ferment,’^ as it is called, allied to the sweet- 
bread ” juice or pancreatic secretion of animals. By 
means of this secretion, the young plant as it springs 
from the seed is able actually to ‘‘digest” the 
starchy and nitrogenous mattei’S within its reach. 
The digestion of flies by the “Venus’ fly-tmj)” 
(Dioiioia) and by the Sundew {^DroBera)^ as de- 
scribed in another paper (p. 240), also illustmte 
the imitation of the animal processes by plants. 

And just as the chemist increases our diffi- 
culties by showing us the similarity in substance 
of animal and plant bodies, so also does the micro- 
Hcoj)i8t fail us when we ai)ply to him for aid in 
separating the two groups of living organisms. If 
animals and plants are to be regarded as alike in 
composition, they are no less similar in essential 
stinicture. Place the tissues of animals under the 
microscope, and they are seen to be composed of 
the minute bodies to which the name of “ cells ” is 
given. Examine plant-tissues, and “cells.” again 
ap]:>ear as the imits of which the plant as a whole 
is built jLip. And once again, if the lower animals 
and plants be microscopically compared, their sub- 
stance, which defies separation by the art of 
chemistry, equally defies divorce at the hands of the 
microscopist. The protoplasm of lower animal and 
plant bodies is literally indistinguishable. If the 
germ of the higher plant, and that from which the 
higher animal springs, be examined hy the micro- 
9 co]X), the diflferpnces which become so apparent 
in after-life are seen to disappear in a primary 
resemblance, so dose in all points, that the task of 
separation appears simply hopeless. 

It may now be said tW, granting the futility of 
the foregoing methods of scientific examination in 
enabling us to say wherein lie the essential features 
of the animal and the plant, the presence of nerves. 


and the power of receiving and of acting upon sen- 
sations, might be regai ied as a characteiistic of the 
animal as distinguished from the non-sensitive plant 
But in a previous paper (p. 179) it has been shown 
that the Venus’ fly-trap, the sensitive plant, and 
other plants, are highly sensitive ; and we then ad- 
vanced reasons in our opinion of greater force than 
any that may be given to the contrary, in support 
of the pi^oposition that sensation was universally 
diffused through living nature. Whei'ever the 
primitive life-substance of pratoplasm exists, it 
may be held that thei’e sensation is present — 
lowly-developed it may be, but still undoubtedly 
manifested, as we may see when we regard the 
movements in the cells of lower plants, or the 
better-defined acts of animalcules. The arguments 
for the universal I'ecognitiou of sensation as an 
invaiiable concomitant of life itself are both 
reasonable and well founded on analogy. 

Tlie assei*tion that animals may be invariably 
known by the possession of a moutli and stomach 
is disproved by the consideration that many 
pai*asitic animals — ^for example, the tape-worms, 
the male “wheel-animalcules” or Eotifera, and 
many animalcules — ai*e destitute bf, it may be, 
the veriest rudiments of a digestive appamtus. 
Tlie animal commissaiiat in such cases is conducted 
essentially on the principles of the plant; such 
animals in most cases living by the absoq^tion 
of fluid mattera in the absence of an alimontaiy 
system. It may be admitted that it is a charac- 
tenstic of most animals tliat they can feed on solid 
matters, and as a rule on living matter only; whilst 
their plant-neighbours are compelled to subsist on 
“slops” — that is, liquid and gaseous food, or in 
orgcmic matter' derived from the soil and atmosphei’e; 
the liquids, however, containing solid matters in 
solution. But there are some lower plants allied 
to the Fungi which present us with exceptions to 
these latter rules. Many parasitic plants feed on 
the juices of other plants — that is, on living 
matter. And what shall we say of Mtlialmm^ 
the so-called “flowers of tan,” a fungus growing 
in tan-pits, which not merely begins to exhibit 
independent movements at certain periods of its 
existence, but at these periods apjjears to sub- 
sist on solid food, like a veritable animal 1 Thus 
even a single example — and JSthalmm is not alone 
in respect of its singular habits — may vitiate a dis- 
tinction which, as applied to the generality of plants, 
is of sufficiently stable kind. Connected with the 
subject and question of the food of the two groups 
of living beings, is that of the gases necessary for 
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the maintenance of animal and plant life respec- 
tivelj. Every one acquainted with the merest 
rudiments of human physiology knows that a n i m al s 
require a due supply of oxygen for the maintenance 
of their vital functions (p. 218); and that plants, 
on the other hand, demand cathonic cidd as their 
gaseous food. Could rule be made absolute,’’ 
as the lawyers have it, the test of the exact natui^ 
of a living being might be referred to the capability 
of the former to <inhale oxygen and to emit car- 
bonic add, as a part result of its bodily waste. 
The plant, on this showing, might conversely be 
known by its power of reversing this operation, 
and by its inhaling carbonic acid and giving out 
oxygen as the result of its vital chemistry. 

But is it true that all plants absorb carbonic-acid 
gas, and exhale oxygen 1 Let us refer the matter 
to the chemist and botanist as arbitrators, and let 
them detail the results of their experience. As you 
walk in a garden on a bright summer’s day, your 
eye is pleased with the grateful green of the vege- 
tation around. The botanist tells you that this 
green colour — of all hues the most grateful and re- 
freshing to the human eye — is to be taken as a test 
of a plant’s capacity- to subsist on carbonic acid. 
Wherever you see a green leaf — no matter whether 
it forms part of a stately tree, or exists in a lowly 
blade of grass — the botanist will inform you that 
there the great operation of plant-life may proceed ; 
and that within the leaf-tissues, carbonic-acid 
gas, through the exercise of the vital chemistry of 
the plant, is being split up or decomposed into its 
constituents — carbon and oxygen. The carbon, he 
will further tell you, is retained by the plant to serve 
for fopd, whilst the oxygen is liberated, and passes 
back to the atmosphere to afford food for the animal. 
But our botanical friend would also infoim us that 
before the green colouring-matter can thus decompose 
the carbonic acid, it must be subjected to the action 
of light. Light forms, in fact, the second condition 
required for tlie perfoimance of this chemical act 
on the part of the plant ; the presence of chlorophyll 
being the first condition. What, then, will happen 
when the daylight fades, and darkness falls on the 
plant world! His reply is that in the dark the 
green plant becomes an animal, and, like its living 
neighbour, breathes oxygen and emits carbonic acid. 


Hence this distinction of inhaling cad)onio add and 
exhaling oxygen on the part of the plant is only a 
functional one, and at best one of temporary nature. 
Depending on it alone, we should be compelled 
to call a buttercup or any other green vegetable, 
a plant in the light, and an animal in the dark. 
Further, it is a distinction which does not hold good 
for the whole vegetable kingdom, and in this latter 
phase it must also be regarded as unsatisfactory. 
All plants are not green, and such as want the 
green hue are therefore found to be incapable of 
utilising carbonic acid. A mushroom, a toadstool, 
and others of their fungoid neighbours, have, in con- 
sequence of their lack of green colouring-matter, no 
partiality for carbonic acid. Habitually and nor- 
mally, they are therefore animals in all essential 
particulars relating to their breathing; since they 
inhale oxygen and emit carbonic acid at all times, 
and whether in the darkness or in the light. 

It is time, however, to call a halt to this process 
of scientific fault-finding, and to the task of showing 
how completely worthless most of the distinctions 
which the naturalists of bygone days drew between 
animals and plants, have been rendered by the pro- 
gress of scientific research. Are all distinctions, 
then, of no avail in this task of separating one 
group from the other, and are we literally unable 
to say at the present time of some organisms, “ This 
is an animal, and that is a plant ” ! To these ques- 
tions an affirmative answer must be returned, lliere 
are some lower forms of life — and the Monads are 
of them — which may either be one or the other. 
So hopeless have some biologists become of drawing 
distinctions between animals and plants, that they 
have px’oposed to construct what has well been 
termed “ a kind of biological No Man’s Land ” — 
a teiTitory belonging neither to the animal world 
nor to the plant world, but composed of uncertain 
living units, which are at home in neither king- 
dom. Such is the “ Regnum Protisticum” of some 
writers. By most biologists, however, this ar- 
rangement has not been received with favour, 
for the construction and admission of this neutral 
territory or ** refuge for the destitute,” seems to 
amount to a tacit avowal of our absolute incapacity 
to separate out its members into their proper grades 
in the two kingdoms of living nature. 



INDEX 


Abaorptlon, Selective, 261. 

Ackroyd, William : WhirlpoolB and 
Wmrlwinde, 40; EmpW Sbaoe, 108: 
Tbe Rainbow. 188; ^e Clours ot 
Animals, 261 ; Iridescent Qiass, 800. 

Acoustics: The Sounds we Hear, by 
T, C. HepWOTth, 124. 

Adams, Professor A. Leith : The Migra- 
tions of Birds, 160 ; The Irish Elk and 
its Encrlish Contemporaries, 286. 

ASrated Bread, 276. 

Mthnlium. or Flowers of Tan,” 879. 

Africa, Lakes of, 803. 

Agriculture : Rotation of Crops, 90. 103. 

Air : by J. E. H. Gordon, 70: JBmh and 
Foul, by Prof. F. R. Eaton Lowe, 
217 : an Agent of Denudation, 121 : 
Particles or, 322; their Motion and 
Pressure, 323 ; Eifect of Heat and Cold 
on, 324 ; Cause of Wind, 320 ; Expan- 
sion of, 327. 

Air-bladder of Fishes, 332. 

Air-pump, 107. 126. 

Air-roots of Plants and Trees, lOL 

Albert Nyansa. 308. 

Albumen, 276, 866. 

Albuminoid in Plants, 299. 

Alexandra Nyanza, 308. 

Aloes, 24. 

Alpine Plants, 40, 

AJum in Bread, 277. 

Amadou or German Tinder, 147. 

Amber, 46. 

Ambljfstotna or I^and Salamander, 82. 

Amoooa or “ Proteus Animalcule,'’ 176. 

Animal Food, 138, 368. 

Animal Histories, by Andrew Wilson, 
74. 

Animals, The Colours of, by Wiliam 
Ackroyd, 251 ; The ('ousinship of, 328j; 
What Is an Animal? by Andrew Wil- 
son, 373. 

Annotto, 277. 

Anorthoscone : Optical Illusions, 166. 

Antelopes, Colour of, 254. 

Anthracite, 84. 

Arago's ParagrOles. 269. 

Arotio Animals, Changes of Colour in, 
255. 

Arctic Plants, 40. 

Arctic Shells in Glacial Clays, 38. 

Ash, Roots of the, 97. 

Ass, The: Analysis of its Mhk, 139; 
Colour of, 252. 

Asses' Milk, 139. 

Astronomy : By Richard A. Proctor : 
The Moon, 1 ; The Mechanism of the 
Heavens, 90 ; The Mainspring of the 
Celestial Mechanism, 157 ; The Ruler 
of the Solar System, 313.— By T. E. 
Espln : Double Stars, 238. 

Astronomy, Nautical, 222. 

Atmorohere, and Atmospheric Pressure^ 
29, ^ 104, 327. 

Atmoapiere of the Moon, 8. 

Attraction, Universal, Law of, 164, 

Aurora Sorealia, 109. 

Axolotl, TransformationB of the, 82. 

Bacon as Food, 870. 

BacteriCLjSSZ, 374. 

B ahama Bponsre. 66. 66. 63. 64. 

Baikal, La^VeentetaA^ 306, 306, 818. 

Balaton, Lake, Hungary, 309. 

BaUoon Ascents, 106, 107, 110, 106, 326, 827. 

Banyan-tree, lOL 

Baroaole, 78. 

Barometer, 20, 824. 

Barre^Pntf. W. F. : Geysers, 225. 

Bat8,£^tof,20Q. [m. 

Bear, The Great Cave : Fossil Skull, 288, 

Bears in Snadand, 292. 

Beaver : Fos^ Remains, 290. 


Beoca-fieo (Quail), 152. 

Bee, Mouth of the, 331. 

Beef 3^ 

Beede, Mouth-parts of the, 330. 

Belemnitos, 67. [188. 

Bell, Professor Graham : The Telephone, 

Bell-animalcule, 41. 

Beniamin, Park: How Electricity is 
Measured, 180. 

Bert. M. : Physiological Experiment8,l]0 ; 
Colour of the Chameleon, 255. 

Beryl, 250. 

Binary Stars (ate Double Stars) : Binocu- 
lar Vision, 171. 

Birds, The Minations of, by A. Leith 
Adams, 1607colour of. 254 ; Wings of. 
336. 

Bituminous Coal, 84. 

Black-heotle, Stigmata or Air-holes of 
the, 109. 

Black Salamander, 82. 

Bladder-worts, 247. 

Bleaching Powder, 285. 

Blood, The, 17. 19, 170, 217, 366, 867. 

Boat-fly, 348. 

Bog-mosses, 86. 

Bonos of the Human Arm and Horse's 
335. 

Botany : A Fallen Loaf, by Robert 
Brown, 19; How Plants Feed, 96.— By 
F. Buchanan White : Flesh-eating 
Plants, 240.— How Plants Grow, by 
Professor Dioklo, 294; A Nottle-stlng, 
and other Plant Hairs, by H. J. Slack, 
338. 

Boulders, 34, .37, 69. 

“Boyle’s Taw," Expansion of Gases, 73. 

Brahb, Tycho : his Astronomicai Dis- 
coveries, 157. 

Brain, The, 114, 175. 

Branching and the Yeining of Loaves, 
27. 

Bread, 276. 

Breakfastrtable, Chemistry of the, by 
Ih’ofcssor F. R. Eaton Lowe, 270. 

Breathing of Plants, 100. 

Brewing : Chemistry of a Brewer’s Vat, 
50. 

Brimstone-tipped Matches, 147. 

Brixham Cave : Animal Remains, and 
Flint Implements J268. 

Brown, Robert : A Fallen Leaf, 19 ; A 
Highland Glen, 33 ; How Plants Feed, 
96. 

Bunsen, Professor R. W. : Theory of 
Geysers, 228. 

Butter, 277. 

Butterfly, The: Transformations, 76; 
Symmetry. 254 ; Mouth Organs, 381. 

Butterwort, 243, 247. ‘ 

“ Buys BaUot’s ^ Law of Wind, 326. 

Cabbages, Perspiration from, 23. 

CocOs, 24. 839. 

Caffeint^^ 

Camel’s Blood, 367. 

Camera, The, 256. 

Canada, Lakes ot 307. 

Canary Laurel, 101. . , , 

Candle-flame, The, and Some of its Les- 
sons, by R. Gerstl, 354. 

Cannel Coal, 84. 

Cannibalism, 16, . ... 

CaKon-making : Rivers and their Work, 
206, 

OaAons of the Colorado, 214, 216, 

Oa^^, I^., on “ The Causation of Sleep,” 

Carbon of CoaL 84. 

Corbonio-acld Gas, 218* 284, 355. 

Carnivorous Animals, 188. 

Carnivorous Plants, 240, 248, 


Cam Swinuning-bladto of, 884. 

Carrier Pijgon with Photographio De- 

m, m 

Caspian Sea. 308. 

Cataracts, 211, 

“ Catohment-basins” of the Thames and 
Mississippi. 209. 213. 

Cave Lion, Fossil Jawbone of the, 135, 
136. 

Caverns, Limestone: Fossil Remains of 
Animals, 287, ^ 

Cavern Theory of Geysers, 228. 

Celestial Mechanism, The Mainspring of 
the, 1^ Richard A. Proctor, 1^. 

CeUs of Plants, 294. 

CeUulose, 378. 

Ceratoduat 334. > 

Chalk, 18, 66. 

Chalk ^wns, 117. 

Chameleon, Changes of Colour in the, 
256,268. 

“ Cliarles’s Law ; ” Expansion of Gases, 
72. 

Charybdis, 40. 

Cheese, IW, 366, 372. 

Chemical Affinity, 142. 

Chemistry : Chemistry of a Brewor>i 
vat, by W. B. Fergusom 60 ; Mi^, 
by Prot F. R. Eaton Lowe, 138; 
Striking a Light, ^ John Mayer, 
140; Sdenoe and Photography, by 
John Thomson, 268 : The Breakfast 
and Dinner-table, by Prof. F. R. lE^ton 
Lowe, 270. 365: Somethii^ about 
Gases, 1^ T. O. Hepworth, 279 ; The 
Candle-name, and Some of its Les- 
bons, by R. Gerstl, 354. 

Chicory. 278. 

China Clay* 290. 

China Stone or Petuntzyte, 250. 

Chlorine Gas, 284. 

Chlorophyll, 21, 24, 295, 800, 876, 878. 
Choke-damp, 218j21. 

(Chronometers, 228. 

Cilia : Ciliary Motion, 50, 

Clay, 67, 69. 

Cleavage of Slate. 348, 344. 

ClSmandot, M. ; his Patent for Iridescent 
Glass, 3ffi, 362. 

Cleopatra's Needle, 240, 

Climate, Changes of : Effoct on Migration 
of Birds, 16L 
Coal, 44, 68. 

CoaL A Piece of, by Prof- H. AUeyne 
Nicholson, 83. 

Coal-gas, 284. 

Coal-mines, Ventilation of, 220. 

Cockles, Fresh-water, 851. 

(Cockroach, Air-tubes of, 109L 
Coffee, 277. 

Coil-shells. 351. 

Collins, J. H. : A Piece of Gn^te, 248. 
Colour and Photography, 262. 

Colours. Illusionary Effects of, 169. 
Colours of Animals, by William Ackroyd, 
25L 

Colours of Double Stars, 238. 

Colours of Granite, 248. 

Colours of Milk and Blood. 170. 

(Colours of the Rainbow, 188, 190, 

(Colours of thin Plates ; Iridesoent Glass, 
861,362,365. 

Combustion, 219. 281. 

Compass, The Mariner's. 182, 221, 224. 

“ Congreve" Matches, 146. 

Oonstonoe, Lake of, 303. 

Ooniagious Diseases, 54. 

(Contrast : its Effects on Form, Sise, and 
Shade, 169. 

<CcK)ke, (jonrad W. : Optical Blusknis, 
164. 

Cooking, 308. 

A 



882 


SCIENCE FOR ALL 


Coombs or Dales, 117. 

Copernicus: The Mechanism of the 
lieayena, 90, 95, 157. 

Corals, 11, 875. 

Cornelian Cherry. 23. 

“Correlation’* of Organs of Fossils, 
185. 

Cotswolds, The, 117. 

Cotton, Oultivatlon of, 100. 

Cotton-seed, 295. 

Consinship of Animals, The, oy Andrew 
Wilson, 828. 

Cow, The : Analysis of its Milk, 139. 
Coxwell, H. : Balloon Ascents, 105. 

Crab, life-history of the, 77. 

Craters of the Moon, 4-7. 

Cream seen under the Mioroscope, 138. 

“ Cream Measurer,** 140. 

Crinoids in Limestone, 10, 11. 

Crookes* Kadiometer, 111. 

Crustacea, Metamorphosis of, 77. 
Cuckoo, Migi^on of the, 152, 154, 15& 
Cumberiand, lakes of, 303. 

Cyclones, 42, 121. 

Dales (aee Hills, Doles, and Valleys). 

“ Davy ” Lamp, 22t 
DeadSea,^0. 

Deep-sea Dredging, 13, 14 
Denudation, Process and ALgonts of, 
118-120,209.214. 

“Devil’s Laoif,*' 338. 

Diagonal and Parallel lines: Optical 
lUusionB, 168. 

Dickie, Prof. : How Plants Grow, 291. 
Djnner-tahle, Chemistry of the. 305. 
Dobereiner, Dr.: his “Philosophical 
Lamp,** 146. 

Double Stars, by T. E. Espin, 238. 
Downs, Chalk, 117. 

Dragon-dy, 76, 361, 362. 
jglgo^ Flying, 199. 

Duckweed, Common, 98, 347. 

Duncan, Prof. P. Martin : Hills, Dales, 
and Valleys: how they were Shaped 
and Worn, 116; Rivers, their Work, 
and Caslon-making, 206; Itokea, and 
how they have been Formed, 303. 
Durham, William: The Tides. 204; A 
Thunder-storm, 263. 

Dust : Motes. 853. 

Dost Whirlwinds, it 
Dyspepsia, 868. 

Ear-shaped Mud-shell, 351. 

Ear, Tl^ 131. 

Earth, The : its Relation to the Sun and 
Moon. 208. 814. 

Eaivtrumpet, 129. 

Echoes, 128. 

Eclipses of the Moon, 2. 

Edison’s Pyro-Magnetio Dynamo, 50. 
Efts, Transformanon of, 82. 


Bm of Sponges, 61. 
Electrioity, How 


_iow Produced, 44 ; How it 

is Measured, 180 ; In the Atmosphere, 
263. 

Electric Light, Stratification of the, 109. 
EWhant, woolly, of the Post-Glacial 
Period, 289, 291. 

Elk, IHsn, and its English Contem- 
poraries. by A, Leith Adams, 280. 
Elodea, and other Pond Plants, 318. 
Emerald, 250. 

Empty Space, by William Ackroyd, 103. 
Energy, Animal ; its Effect on Colour, 257. 
Engel, M. : Yeast-cells, 61. 

Entomology: Some Animal Histories, 
74 ; Mouths of Insects, 330 ; A Pond, 
and What is in It, 847. 

Ermine, Colour of the, 255. 

Kapin, T. E. : Double Stars, 238. 
Estuarine Shells, 67. 

Ether, Luminiferous, 190. 362. 

Evergreen Trees and Shrubs, 26. 

Eye, The : Optical Illusions, 165. 

Fcumloi in the Sun, 317, 318. 

Fall of the Leaf, 26. 

Falls of Niagara, 213. 

Faraday : Electrioity and Magnetism, 46. 
Fasting' 18. 19. 

Faia Morgana, 172. 

Fat as Food. 275, 368, 369 

Feeling, The Art of, by Andrew Wilson, 

Felsp^, 249. 


Ferguson, W. B. : The Chemistry of a 
Brewer’s Vat, 50. 

Fermentation, 50-54. 

Fibrin as FooA 276, 306-368. 

Fibrin, Veget^e. 299. 

Fire-damp, 218, 220, 284. 

Fire obtahied ij S^riction, 148, 149. 

Fire-syringe, 149. 

Fireworks uibstrative of Optical tUu- 
slons. 165. 

Fish as Food, 871. 

Fishes : Air-bladder, 332 ; Fina 335. 

Flske, Lieut. Bradley A. : How Elec- 
tricity is Produced, 44. 

Flam& Properties of, 359. 

Flesh-feeding Plants by F. Buchanan 
White, m 

“Flesh-formers” (Nitrogenous Food), 188, 
271, 866. 

Flight of Birds, Insects, and Reptiles. 196. 

Flint, 66. 

Flint and Steel, Tinder-box and Matches, 

Flood-plains of Rivers, 210. 

Floods, 211, 213. 

“ Flattering Hearts,” a ohromatio Illu- 
sion, 170. 

Flying Reptiles, by Prof. H. AUeyne 
Nicholson. 198. 

Flying Squirrel, 198. 

FlyrftoboBclB of, 332. 

Fog-horn, 129. 

Foo^ Animal and Vegetable, 138, 270, 

Food of Plants, 379. 

Foot-prints, Fossil, 133. 

Foraminifera^ 10, 13, 66, 

Fossils, Animal and Vegetable, 66 ; Pet- 
rifactions and their Teachings, 132; 
Fossils in Slate, 346. 

Franklin, Benjamin: Electricity and 
Ltehtning, 265. 

Fresh Air and Foul Air, by Professor F, 
R. Eaton Lowe, 217. 

Friction, Light produced by, 148. 

Froi^s Blo^367. 

Frogs, Transformations of, 82. 

Frost an Agent of Denudation, 121. 

Galileo, 107, 159, 164, 

Galvani, 45. 

Game os Food, 371. 

Gardenmg, Amateur, 100. 

Gas, by JV £. H. Gordon, 70 ; Something 
about Gases, by T, C. Hepworth, 279. 

Gas, Derivation of the Word, 355. 

Gases in Plants, 22. 

Gas Sylveatre, 62. 

Gastric Juice, 18, 368. 

Ga|'^uBBac : Barometer Experiments, 

Gelatine os Food, 371. 

Geography, Physical : A Highland Glen, 
S3; mils. D8aes,and yalleys, 116; The 
Work of Rivers, C^on-making, 268 ; 
Lakes, 303. 

Geology: A Piece of Limestone, 9; A 
Visit to a Quarry, 64 : A Piece of Coal, 
83; Formation of River-valleys, 209; 
A Piece of Granite, 248; A Piece of 
Slate, 341 ; Formation of Ponds, 347, 

German Tinder, 147, 

Gerstl, K. : The Candle-flame and Some 
of its Lessons, 354. 

Geysers, by Prof. W. F. Barrett, 225, 

Giant Nettle of Now South Wales, 338. 

“ Glacial Period, The,” 39, 154. 

Glaciers, 32, 36, 88, 89. 225. 

Glalsher, James : Balloon Ascents. 105. 

Glass, Iridescent, by William Ackroyd, 
38a 

** Globe-anlmaloule,** 37a 

Glucose, 275, 300. 

Gluten, 273, 276, 367. 

Glycerine, 53. 

Gnat, Common, SSa 

Golden Syrup, 274. 

Gold-flsh'2^ 

Gordon, J. E. H. : Air and Gas, 70. 

Gonld, Baring : Geysers in Iceland, 231, 


Gramme Dynamo Eloctrio Machine. 47. 
Granite, A Piece of, by J. H. Collins, 
248. 

OrapCjS^ar, 275, 300. 

Gravitating Energy of the Sun, 314, 


Gravitation : The Mainspring of the Ce- 
lestial Mechanism, 164. 

Great Salt Lake, Utah, 308. 

“ Greek Fire,” 142, 

Grey Hair, 257. 

Grove’s Air-pump, 107. 

Gu5iicke, Otto Von: Weight of Air, 
108. 

Hailstones, 193. 

Hairs of Plants. 338-841. 

Harrow Hill, 117. 

Action of the, in Sleep. 112, 

** Heat-Givers:” Oleaginous Food, 13a 
271, aea 

Heat : its Eflbot on Plants, 300. 

Heat, The Candle-flame and Some of its 
l^essons 854. 

Heavens, idechanlsm of the : How Co- 
pernicus explained it. 90. 

Hepworth, T. C. : The Sounds wo 
Hear, 124; Something about Gases, 
279. 

Herbivorous Animals, 138. 

ite Hill, 117. 

' Glen, A, by Robert Brown, 




Hills, Dales, and Valleys: how they 
were Shaped and Worn, by Prof. P. 
Martin Duncan, 116. 

Holland, Sir Henry, on Sleep, 114 ; his 
Theory of Geysers, 236. 

H o^ l^r : The Couslnship of Animals, 

Honeyooiub Sponge, 56, 63. 

Hornblende, 249. 

Horse, Fossil Remains of the, 290, 837. 
Horticulture, 100. 

Hot Springs of the Yellowstone Region, 
NorthAmerica, ^7. 

Howler Monkey, Colour of the, 254, 257. 
Humming-birds, Migration, 160. 

Hunger, 15. 

Hurncanes, 42, 121. 

Huxley, Professor, on Sponge, 60. 
Hyeenas, Fossil Remains o? 288, 289. 
Hydr^en Gas, 280, 282. 

Icebergs, 38, 39. 

Iceland, Geysers of, 225, 234. 

Ice, Water, and Steam, by J. £, H. 
Gordon, is. 

Ilford Brlok-flelds : Extinct Animals, 290. 
Images, Accidental pr Sab)ecUvo : Optical 
lUUBlons, 169. 

Infancy, The Sleep of, IIS. 

Interference of Light, 363. 
lonanga. Lake, Gaboon, Africa, 312. 
Iridescent Gla^ by william Ackroyd, 

Irish Elk, The, by A. Leith Adams, 286, 
290, 292, 293. 

Irradiation : Optical Illusions, 169. 

Italy, Lakes ^ 803, 310. 

Ivory-nut, 290. 

Jelly-flshes, 177. 

Jupiter, The Planet, 93, 96, 190. 

Kaimroos, Colours of, 254. 

Kaoun Candle, 42. 

Kaolin or China Clay, 250. 

__ - 


Kent Hills and 
Kent’s Cavern, 

Animals, 288, 293. 

Kepler's Astronomical Discoveries, 157, 


Downs, 117. 
Devonshire : FoasH 


m4 

Kettle Point, Lake Huron : oombusUble 
Shale, 86. 

Kinetic Theory of Gases, 72. 

Kirkdale Cavern : Fossil Animals, 28a 

Lactometer, 140. 

Idustoae of Milk), 130, 27a 

Laf^^^d how they Imve been Formed 
by Prof. P. Martin Duncan, SOa 


lAnland. L 
La^riie, 128. 

Latitude, 222. 

i^^^Permd^^: Lucifer Matches, 142. 
Leaves of Plants : A Fallen tjeaf, 19, 97* 

* lurs, Flying, 198. 

367. 

A 



INDEX. 


388 


Letohford s Patent for Parallln Matches, 
• Ml, 

Leyden Jar, 207. 

Artldolid : ^Striking a Light, by 
^ohn Mayen MO. 
lighthouses : Electric Light, 46. 
Lij^DlM and Lightning Conduoton, 

Light: obtained by Friction, 148, 149; 
Nature of the Bainbow, 189 : Polarisa- 
tion, 199; its Eifeot on Plants, 300: 
Luminiferous Ether, 302 : Interference 
of, 303. 

Light of the Candle-ftame, 354, 360. 
lignite, 08, 87. 

limbs of Vertebrate Animals, 334, 
Limelight, 282. 

limestone: A Piece of limestone, 9, 

66 . 

limpet, Fresh-water, 351. 

Lions in Britain : Fossil Remains, 293. 
liquefaction of Gases, 286. 
lissajous* Figures : Optical Illusions, 160. 
Lizards, Colour ot 254. 

Loach’s Blood, 267. 

Locust, Mouth-parts of the, 380. 

Log and Log-line : Navigation, 221. 
London Pride, MO. 

Longitude, 222, 223. 

Long. John Jex : his Match-cutting Ma- 
chine, 149. 

■“ Looking-glass Tree,” 339. 

Lowe, Prof. F R. Eaton: Milk, 138 ; Fresh 
Air and Foul Air, 217 ; Chemistry of 
the Breakfast and Minner-table, 270, 
365. 

Lucerne-roots, 97. 

Lucifer Matohoa, 140, 11.5. 

Luminiferous Ether, 190, 362. 

Lunar Mountains, 7. 

Lunar Rainbows, 194. 

Macooronl, 372. 

Mackerel, Colour of tbe, 256. 

Macnish, Dr., on iSloep, 113. 

Magnetism, 40. 

Magnets and the Telephone, 182. 

Maize Starch, 272. 

Molstrum, The, 40. 

Malvern Hills, 117, 120. 

Mammoth, The, 134, 289. 

Mangrove, Air-roots of the, 102. 

Man in tbe Moon, The, by Richard A. 
Proctor. 1—8. 

Mann, Robert James : Why the Wind 
Blows, 321. 

Manures, 100. 

Maple Sugar, 23, 26. 

Marbles, M. 

Mariners Compass. 221, 224. 

** Mariotte’s Law : ’* Expansion of Gases, 
73 

Mars, The Planet, 92, 96, 157. 

Marsh-gas, 284. 

Martin, Common House, Migration of 
the, 151. 

Mayer, John : Striking a Light, 140. 
May-lly, 351, 362. 

Measlo-worm in Pork, 871. 

Mechanism, Celestial, The Mainspring 
of the, by Richard A. Proctor, 157. 
Mechanism of the Heavens : How Co- 
pernicus explained it, by Richard A. 
Proctor, 9a 
Medu^of, 177* 

Mendi^ills, 135. 

Mercury, The Planet 92, 9a 
Metamorphoses of Insects: Crustacea, 

WS ”■ 

Meteorological Oieervatory, Manohe, 
France, 326. 

Meteorologiij Wldrlwlnds. 40 ; Rain, 122, 
Mica, 249. 

^^JBfa^ ^The, by Professor 


^inesf^mtilatlon of, 28a 
Mock Suns, 172. 

Molemles of Air and Gas, 72, 73, 279, 828. 
Monads, 374, 88a 


Monkey Colour of. 254, 257. 

Moon, The : The Man in the Moon, 1 ; 
Mechanism of the Heavens, 9a 95 ; 
Irtinar Atmosphere, 109: Motion 
affected by terrestriid Gravity, 162 ; 
Tides, 204, 206 : Lunar Observauons in 
Navigation, 224. 

Moraine^ Sd 

Motion, Laws of, in tbe Cdestial Meoh- 
anism, 160, 102. 

Motor Nerves, 176. 

Mountains, Lunar, 7. 

Mountains of Wales, lid 
Mountain Torrents, 122. 

Mud-dsh, 334, 307. 

Murie, James : A Piece of Sponge, 56. 
Muscles, Voluntary and InvoluntaiT^, 307. 
Musical Instruments : Vibrations of 
Sound, 128. 

Music, Galvanic, 180. 

Mussels, Fresh-water, 361. 

Mutton, 368 

Narcotics, Sleep induced by, 116. 
Naupliuses, 80, 83. 

Nautical Astronomy, 222 ; NauUoal Al- 
manack,” 223. 

Navigation : Ocean Sign-posts, 221. 

Neap ’’Tides, 207. 

Nerves or no Nerves? or, the Art of 
Feeling, by Andrew Wilson, 174. 
Nettle-sting, A, and other Plant Hairs, 
by Henry J. Slack, 338. 

Newton : ms Astronomical Discoveries, 
160-164. 

Newton’s Kings," 361, 364. 

Newt& Transformations of, 82, 351. 

Now Zealand Nettle, 338. 

Niagara, Falls of. 213. 

Nicholson, Prof. : A Piece of Limestone, 
0; A Piece of Coal, 83: Petrifactions 
and their Teachings, 132 ; A Piece of 
Slate. 341. 

Night Hawk, Migration of the, 153. 

Night Work, 112. 

Nitrogen Gas, 28a 

Nocturnal Animals and Insects: Night- 
work, 112. 

North America, Lakes of, 303. 

Ocean Sign-posts, by Captain E. H, Ve^ 
ney, KN.. 221. 

Octopus, Suckers of the, lOa 
“ Old Man’s Beard,” 340. 

Oleaginous Substances as Food, 275. 
Optical Illusions, by Conrad W. Cooke, 
164, 

Ornithology : The Migrations of Birds, ISa 
Oxygen Gas, 280, 282. 

“ Oxyrauriate ” Matches, Ud 
Oysters, Fossil, 68. 

Ozone, 282. 

Palaeontology: Petrifactions and their 
Teachings, 132 ; Flying Reptiles 
(Pterodactylos), 198; The Irish Elk 
and its English Contemporaries, 286 ; 
Fossil Remains of the Horse, 290, 337. 
Parson Matches, 144. 

Paraigreies, Arago’s, 268. ^ , 

Parallel and Diagonal Lines: Optical 
Illusions, 168. 

Parhelia or Mook Suns, 172. 

Pastry, 372. 

Peat : Peat Mosses, 84, 8d 
Pebbles, 67, Gd 09. 

Penrhyn Slate-quarry, 811, 342. 

Pepdn, 36d 

Perch, Skeleton of, 336. 

Perspiration of Plants, 22, 23. , , 
PetnfaotionB and their Teachings, by 
Prof. H. AUeyne Nicholson. 132. 
Petrifactions of Geyser-basins, 234. 


. 14d 


Phonautograpb, The, 131, 185. 
Phosphorus in Food, 871. 

PhoB^orus . Lucifer Matches, 141, 142, 
143,144. 



108; Sleep, 111: Chemistry of th 
Breakfast and Dinner-table, 270, 366. 
Passenger, Migration of the, 


Pigeon’s Blood, 867. 

Pi^er-plants, 24d 
Pith of Plants. 295. 296, . 

Planed TheTist, 9a 16 t, 168 , 108 . 

Plant. : How Plants FeedSBf Robert 
Brown. 96; Flesh-feeding Plaiits, by 
F. Bu^anan White, 240 : How Plants 
Grow, Iw Geom Dickie, 294; A 
Nettlewstmg, ana other Plant Hairs, 
by HemyX Slack, 838; W^hat is an 
Animal? Iw Andrew Wflson, 878; 
Gases and Perspiration of Plants, 22 ; 
their Feelings and Sensations, 174; 
Sensitive Plants, 179. 

Plunger-beetle, 348. 349. 

Polarisation of light, 19a 
Pole-star, 223. 

Polyzoa or Sca-mats, 375, _ 

Pond, A, and What is in It, by B, B. 

Woodward, 847. 

Pond, Limneea, 351. 

Pork, 309, 37 O 71 , 372. 

Post-Glacial Period, The, 287, 

Potash, Chlorate and Nitrate of: Lucifer 
Matches, 142. 

Potato Starch, 272. 

Pottery-tree of Brazil, 299, 

Praxinosoope : Optical Ilhislona 106. 
Primrose Ifill, 117. 

P^tor, Richard A. : The Man in tbe 
Moon, 1; The Mechanism of the 
Heavens. 90; The Mainspring of the 
Celestial Mechanism, 157 ; The Ruler 
of the Solar l^stem, SIS. 

’’Promethean ” Matclies, 14d 
Proteus, Blood of thc^ 367. 

Protoplasm, 2^ 2Da W 378. 
Pseudoscope, The, 171, 

Ptcrodactyles, 190-208. 

Ptolemy : his Explanation of Planetary 
Motions, 91, 157. 

Quails, Migration of. 151 
Quarry, A Visit to a, by B. B. Woodward, 
64. 

Quartz, 240. 

Quekett, Professor, on Sponges, 5d 

Radiometer. Crookes’, 111. 

Rain an Agent ot Denudation, 122, 123. 
Rainbow, The, by William Ackroyd, 
188. 

Raindrops, 193. 

Rain-fall, Amount of, 211. ^ 

Uedbroast, (’olour of tho, 264. 

Refleclion of Light. 191. 

Reflection of Sound, 129, _ 

Keflex Action ; The Art of Feeling, 176, 
179, 255 

Refraction of Light, 191, 192. 
R6gUlM,^ying by Prof, by H. AUeyne 

Respiration :*Fre^ Air and Foul Air, 217, 
^4, 857. 

Rhinoceros, HaJry, of the Post-Glacial 
Period, 287, 290. 

Rbo^’s Arch, in tlie WosatchMountains, 
123. 

Rice-paper, 294. 

Rice Starch. 272. 

Rickets in Children, 139. 

Rivers issuing from Lakes. 805. 

Rivers: their Work, and Catton-TOakiug. 

by Prof. K MartinDuncan, 20d 
River Valleys, 209. 

Rock Soratenos, 3d _ 

Roots of Plants, 97-lOa 
itose of Jericho, 98. 

Roses, Thoms of, 339. 

Poshes, Wth of. 29d 
Russian Lakea 803. 

Sacculina, 80. 

Hago Starch, 272. 

Hcdamander, 82. 367. 

Salmon, Fins of the, 385. 

Sap in Plants, 23. 

Sarato^ Lake, 309. ^ 

Saturn, The Planet, 93, 9d 
Scent^lands of Plants, 838. 

Schorgte, 249. ^ ^ ^ t u 

Science and Photography, by John 
Thomson, 258. ^ 

Scorpion, Poison-bag of the, W 
Bcoiiwd: Old Gladers^ 80; Extinct 
Animals, 291 ; Lakes, 803. 

Sea-acoms, 78. 

Searanemonea, 377. 



384 


SCIENCE FOE ALL. 


0ea>iln. 878. 

Bea-liUes (Orlnoids), U» 
gea-mats, 875. 

Sea-SQuirtis, 875, 879. 

S^urohins, ^ 81. 

Sea-weed, 876. 

Selenlto. 68. 

Sensation it Plants and Animals, 179, 
379. 

Sensoiy Nerves. 175. 

Serpents. Colour of, 254. 

Sev(^, Klver, 213. 

Sextant. 222. 

Shale, Formation of, 342., , ^ 

Shale from Kettle Point Lake Huron, 86. 
Shark’s Teeth, Fossil, w, 67. 

Shero-rooks, 36. 87. 

Shells, Fo^. 38, 67. 68. 
giomens* Eleptrio Machine. 

Suk-moth, Metamorphosis of the, 74. 
Sise of Olrieots : Optical Illusions, 168. 
Skeleton Leaves, 26. 

Slack, Henry J. : A Nettle-sting, and 
other Plant Hairs, 838. 

Slate, A Piece of, by H. AUeyne Nichol- 
son, 341. 

Sleep, Robert Wilson, 111. 

Sni^. l^mtion of, 854. 

Snowdon, 118, 121. 

Soap-bubble, 361. 

SoilTAgrioultun^ Varieties of, 100, 103. 
Solidification of Oases, 286. 

Solomon's Seal, Root-stock of, 97. 

Sound In empty Space, 109. 

Sound : The ^unds we Hear, by T. C. 
Hepworth, 124. 

Space, Empty, by William Ackroyd, 103. 
Speaking-tubes, 129. 

Spectre of the Brocken, 172. 

Spon|^, A Piece of, by James Murie, 55, 

Spontaneous Generation, 54. 

Sprengel's Pump, 108. 

Bpnngs and River-heads, 210. 

Tides, 207. 

Squid, Suckers of the, 186. 

Squirrel, Colour of the, 252, 254. 

Squirrels, Flying, 196. 

Stalactites and Stalagmites, 10, 287. 
Starch, 271. 

Star-fishes, 81. 

Stars, The : Mechanism of the Heavens, 
90; Ocean Sign-posts, 225; Double 
Stara 238. 

Starvation, 16, 18. 

Steam, Ice, and Water, 28 ; Geysers, 227. 
Stereoscope, The, 171. 

SUckleback, 851. 

Storm-waves, 42. 

Striking a Light, by John Mayer, 140. 

*' Strobic Circles" : (^tical Illusions, 166. 
Strokr, a Geyser in Iceland, 230. 
Sturgeon-fishing in Siberia, 332, 833. 
Succnnic Acid, Si. 

Sucker. Leather : Suckers of the Octopus, 
Squid, and Scorpion, 103, 106. 

Sucrose (Cane Sugar), 139. 

Sugar, 278, 274. 

Sugar Manle. 28. 25. 

S%hur : Lucifer Matches. 141, 144. 
Sundew {Droaera rotundifoliah 241—244, 
247.341,878. 

Sun-spots, 815—820. 


Sun, The : Mechanism of the Heavens, 
90 ; its Heat an Agent of Denudation, 
120: its Infiuenoe on Tides, 206; The 
Ruler of the Solar System, by Riobard 
A. Proctor, 813. 

Sussex Hills and Dales, 117. 

Swallows, Migration and BTlght ot 150, 
152, 154, 155. ^ 

Swimming-bladder of Fishes, 332. 
Switzerland, Lakes of, 303, 810, 812. 
Syphon Barometer, 105. 

Tait's Vortex-box, 43. 

Tanganyika, Lake, 306. 

Tape-worm, 871, 872. 

Toa 278s 

“ T^ephonic Concert,*' 127. 

Thames, River, 209, 210, 218. 
Thaumatrope: Optical illusions, 166. 

I Theatres, Ventilation of, 359. 
Thermometer, The, 28. 

Thin Plates, Colours of, 861, 865. 

Thistles and their Seed, 340. , 

Thompson, Sllvanus P. : “ Strobic Cir- 
cles:" (mtioal IliusionB, 166. 

Thomson, John: Science and Photo- 
graphy, 258. 

Thoms of Roses, Cacti, ftc., 339. • 
Thrush, Migratory, 15dL 
" Thunder-bolt," 

Thunder-storm, A, by William Durham, 
263. 

Tides, The, by William Durham, 204 
Tinder-box. 147. 

Titicaca, Lake, South America, 806. 
Tobacco, Cultivation of, 100. 

Topaz, 250. 

Tornadoes, 42. 

Torrents, 210. 

Torricelli : The Barometer, 107. 828. 
Touch, Sense of: The Art of Feeling, 
174. 

Tourmaline, 249. 

Transformations of Crustacea, Insects. 
Reptiles, and Zoophytes, 74, 77, 79, 80, 
81, 82, 349, 850, 852, 

“ Traveller’s Joy," 340. 

Trees, Growth of, 802. 

Trichina apiralU^ 371. 

Tuning-fork, 128.130. 

Tycho Brahe's Astronomical Discoveries, 
157. 

Urufl of the Post-Glacial Period, 289, 
290 

Utah,* Great Salt Lake, 303. 

Valleys (see Hills, Dales, and Valleys) 
Vallisneria spiralis. 300, 301. 

Veal, 389, 370. 

Vegetable Food, 138, 371. 

Vegetable Ori^n of Coal, 85, 87, 88. 
“'^stable ^eep" of New Zealand, 

Vegetobles, Sugar in, 274. 

Velning of Leaves, 27. 

Velocity of Sound, 135; of Light, 190 ; of 
Wind, 32ft 

Ventilation : Fresh Air and Foul Air, 
217.328,359. 

Ventilation of Mines, 220. r 


Venus's Fly-trap, 179, 944, 246, 947, ML 
879. 

Venus, The Planet^, 96. 

Vemey, Captain E. H., B.N.: Ooean 
Sign-posts, 881. 

Victoria Nyanza, 806. 

Vine, Adventitious Roots of the, 108. 
"Virgin’s Bower," 34a 
Volcanoes, 885. 

Volta, 45. 

Volvox Qlobator. 853, 876. 

Vmtex Motion, 48, 43. 

Vorticella, or Bell-animaloule, 41. 

Wales, Mountains of. 118. 

Wanderiitf Mud-snail, 851. 

Wardian Cases for Plants, 23. 
Water-beetle, Great, 348, 360. 
Water-boatman, 35a 
Water-fieas, 358. 

Water-hammer, 106. 

Water : Hard, 10 ; Boiling-point. 29, 80, 
82; Weight, 70; an AgmtofDenuda 
j^n, 12 i7i 84; WaterfaSs, 210; Geysers, 
227 ; Decomposition by£aecttloity,280. 
Water, Ice, and Steam, 28. 

Watering of Plants, 28. , 

Water-mites, 353. 

Water-Boorpion. 349, 351. 

Watenhed, 209. 

Wave-motion, 191, 362. 

Wax-wings, Mifl^^tlon of. 15L 
Weight, Coniparatlve, oi Lead, Water, 
and Air, S^. 323. 

Wd||ht in a burning Candle increased. 

Weight of Air, 7a 108, 822. 

Wellinotonia ^gantecu 297. 
Westmorland, Lakes of, 3(A 
Whale, " Paddle " of the, SSft 
Wheat Star^272. 

Wheatstone, Sir Charles: "Fluttering 

Hearts ; " the Pseudosoope, 170, 171. 

Whirliglg-beetlo, 348. 

VTiiripools and Whirlwinds, 40. 
Whispering-gcdleries, 129. 

WMte, F. Buchanan: Flesh • feeding 
Plants, 240. 

White Rainbows, 196. 

Why the Wind Blows, by Robert James 
Mann, 321. 

WUlow, Adventitious Roots of the, 102. 
Wilson, Andrew: Some Animal His- 
tprles, 74; Nerves or no Nerves? 
174; The Cousinshlpof Animals, 328; 
What is an Animal ? 378. 


What is an Animal ? 378. 

Wilson, Robert : Hanger, 15 ; Sleep, 111. 
Wind : Why the Wtnd Kow^ by Robert 
James Mann, 821. 

Wolves in England, 292. 

Woodward, B. B. : A Visit to a Quarry 
64 ; A Pond, and What is In 1C347. 


Yeast, 50-54, m 
Yellowstone R 
Geysers, 233, 


Ion, North Amerioa; 


Zebra : its Colour and Stripes 
Zoetrope or “ Wheel of lim,” 
Zoology (see Animals). 
Zoophytes, 82, 875, 377. 

Zug, Lake, Switzerland, 804. 


PBIfiTSD BY CASSELL AND COMPANY, LIMITED, LA BELLE 8AUVAOB, LONDON. l.C. 



& 


•WtsSttr.SMr' 


M ttfu r ln g CKpplMh « Book*. 


OMM's aM«nt SolMOt Otopir AvBiBk mBooIm. s«db 
CHuNMtf3t*B OmdttaftMl Chnnr noom. is Souki. iCndL 

MutMlny OottcMotlon J W a fB B* A 

8«nin <7 40 Drawings^ tiA oacH. 


#» a^ieaUitH. 

fimwm m lV m puOairA Oe pi — , « Books. Escb. 

iSet mt»§ imI and 4<1. > 

num mt ax ^m •citaol OerttiKut — ■ (Sumtsai^) 

CfwUrtan ca«b yamphftBi {Lm «h 






IMdOvlli^V4^|lMBjf<^ WMI 




mm 


IM 


wmilt <M»W to ysifcBlI lt>. ByMis.B. LorA 
' Tb# MUMtora O^ocrMriBteaA XMMlMnk 

llltrodaetoQr UMSomT^ F or Scotland, lr«lsiitf,BiltkihNortti 

StStul^ 1, . « , dd. Amari^ AuitrajaRUu For 

Introcltiotorv l.awqoa. Fdr StssSai^ IV. . . sAod. 

dtandMlI, Sd. Euiom. For Standard V. is.od. 

Bturla^atttl Vtiss. For StMi> Tbo^oild. For Suadards 

danilll. ... sod. VI. andVll. . .said. 










M 

S 













m 




^2pa 


!?SE® 


Outsit CMBkwrada. 

i^nSSWIKSSPaSl 







»ry4yM> 


£ 




iljplp-^.^ ' ‘CKl 








jl 

















1 /- 

ee$tfd. 


Cassell Sf Compae^s Classified Prke List. 



■kr. (iVok.) 

““ (eVok 

Mid Voro&w. 



i^ii Ten% 

jttl th# 

iM« Attd tli« Wdaelf Otoid> 

Thft«k:«vaj*t TdUofrpluili 

j4±S«. 

WMbiaffeoix l«niig*« 8k*Mi 
Irfkvt .OMrt of FAlmjrr*. 

^Old OttnoBlty Hhop. 

AxaatUmn Humour. 
liSMurahur|« Mid 0o< 



Hugh Mpaalllwit 0>P. 


C wi d rtw gyS rolSIlM WoriwbSiiw w 

irSayK^Sgg;^ 







^ooka, M>7 rJin# P$ 



W l^rd ClowM. IlhMtratad. 

, ^£Ui Kara lAboor. By 

. . dird JteUtiam. 

By Air^ Monk A M«r Kav«l OMHng 
Quastloiw. 

*m By Thpuuu M, WlhMW, CK. 

■ By T. H. HayiMM. 


- r Mutton. By F. K. Huoirerford. 
H. O ArnoIq-For/rter. liiuHtrated. 

— qpumtkomm of thm Staiir. By 

*Apcr covers. (JTor aita ts. od ) 

“ Fspor. (ie)tmlsam) 

JkOBHUkl* 

By b. & kiiitldlMak M.p. 

.'^tifiSsSd'as: »y 

. Itt cloth. ts.Od. 

— ^ Jhr ^ *nuMm Form. CMartinmu. 

li. iaasfiM^^"TitSssiB 

Uiiiuissnius^ T 

^ ** uww By A. J. WlUiatBS. CAma 
By 4U^ C. B«U Tsylor^ 

“ — in till 

By Dr. Gordon StsUm. 

.By A. C, Fsyno. 


By ttM 


. RoHosqii lUostrttcd. 
M.A.Giujn. 


ittnint tingr Bum llMOp 

yT,c.Hop^¥TO&* 




Bod VoottVMr I • Tain of tho 
Amorloon aProntlor. By 



Foil* 



’SS^^'tSk 




WooWUlioW«klo. ^ 
Um oadDomui of o Don- 

?£&•“ " 



fjtiM. 

TBrottgb 


w« tk* 

win 
OoS. 




i'?v- 

mdd 




VoiroinrtinH Ommw. a mwmi or owop ood Wno iMpno 
TwwMM fWonr. By J. Bmoty IfOu 

?-?s:fS5sr sw!!?<?r^ .TTH^ta^ 

w ^ Rjn«fdjF.R.OA 

' BnBk By 

fimassnsr 


1/4 

V« 


By JotmlSieftaii. M.A. 

Sy Dr. Hoinomonn. 

Iir UfO. By H. O. AmoM-Porstor. Opn. 
By H. O. Amoid-Ponter. tSte eUtv fk OAl 

“ — *W Mrs. S. A. BoomM. ^ ^ 

^Rot. j. Dennis Hird. Cr. tvo. 

By lie Croit>1Cne«. 

^rmil 

iUustrstod 

of O o^ B oototy. Cloth, (/m r/iF'cMonr* is.) 

I BoSSfw *tko SSSiS^ On—, Con t oloi wg lnte^ 
yotories. All lUustnuod. Cloth mb. (5oro/r«is.) 

onrr mokb roii womtm rsovuiu 

By Fopulsr Authors. With lllustmtlons in each. Cloth gUt. 


Buth'o Xdfe Work) or, **Ko 

JdWbQ0f no Oflibuk** 

■SRfflSl ^atewet n Story 
lf^e,mBiu£nUinrg « ; or, 

*5efm'ra5S"hS: 


iHnuef : 

B«rSelnolb«s.i 


2/- 


Cmdf a Cmfet^, JUmitee, JLidgett bUt, iMth m i fimUatd eOMmem. 


<4 


Asm? f iViSgr IM 





--,WS *e«s*dr««- 

, , ^ .W)l lwryaim>flB. 




^^ftpSoSffSf i^i 

’^SSSS!- 

Vndov ft •trftocft Ibik. By 


BlyW WMtaU. 

4^^«stii]l 
CHtr* By W. 
ghft iSMftt asnk aoliWy. By'jul 

1^ 


TliftD 

(Barclay koA). 

▲ttotbn*^ OHmk By JuHm 

Haurthoraa. 

*sjsa!«!f<5si^- 

cnaiMi HaBry oaoaatft 


▲n 


PtmUtt, By 


iutfiSSBUi- 

“ ' iwthoma. 



w the Author of “ Culmihite Folk 
Nth, By Marsh ill t» WUucr 

a*a mmrndma^ Ubrurr* Ctotiw Bach. (Aar List 

y«/ttm*r, Mr iftj ^ . 

mwitratftd MMlalKaUwa^rfltttdM^ Inaoth [Pot List, 


MOB MAAijMeit MflWDBtt** ■BIUDBB. 

FoiA lUuatra. 

Bonft Crown Svo. doth gUt 

"SaSr^ Vovbftftr.** 


hPItt. 

**Ka Ooimtiftrs wjhoBi^ur^'' 
By tto Author of^May Cuaninr- 
liM’a Trial." *0. 


,taiB3r OftWOj;* By 
' — (Mm Adanw* 


^^roromoat If I.Ofta.’* By 
Helen Atter(dge> 


I Btuitrat^'av^iioah'^i^^nttm^’lto^^ Bao|%. 

Crown Bvoi. handsomely bound In doth gUt 


ghft 


. 


IdtUft VlotMua. 
lbdi« fti^ Bar Vriftiiria. 

•rU ta Tortune. 
BftfB Walflt. 


AraacaiMaitliL 

' rmmix&w 


*^?Snd hwr 

nTMlPSilSSS^^ By Thaaaaa Otaaawaod, F.ltas. 

AVw «M4r hnt«r»pi Mkim> 



mruwSS Sb «• «M MMr Wl W 



«Aaa>«eewe em BMeik 

Itnum il 


‘SuSSL/ 


af jadiaad 
BiBmb IVMiIl 



t(e 

Ml 




Qwer a Oie m'i Xoa** ana LmSm; nm^umSS M m m* . 


V 



$1. 

mifd. 


Cassell 4 * Cmpan/s Classified Price Usd 


8/6 



WMk Eliht CfiimnA FUt^ 
^OMgMMgTvroV^ Eadi. (fita aJs0 f/d) 

mt^vbrnmsmMke doth. 

~ ^ ~ BrT.JoMW. (5«r«lwM.) 

Bj CollMraltli aftd Haugbtoiu 

Bdlt«d by ttihop Eltksatt 

J 6 dj) 

*'TO i ig 8 toiH> i*a, 

i^XaSr^Qdtioa W XTvir 
VMtKBMmtU (Pi^dd.) 

]*l«w Md OrtgliMt ypittiBM bf P«ptflir Avthoni. y/ith Fwtrthi. In 
Six VoIIm Much ewtuniiig 3 worci. O^. ifutAdi^ EmchVoL 
%* Badi work caa iu«o bo bod MtNubttolyTlSM to.) 

“ Yoitfly Volttmo. 


(ikM. 


mmoATwonMgrn 


By 


TIM) jOitlaui H^iUMr* By M. O. Araotd-Fonter. PrestnimHm 
i^iW^p^ted on thfrk paper. (; 


(See mlsa is. Od. j 

“ ■ ' r *4 Coifl 


Maps. 


ContaMnf 04 CMopred 

M shaMfiMatB CMnbory. By 

J. R. Jockocm. A.L.S 

Cgstojwxdtln CiMMitfl'a. Containing 90,000 Subjects. 

49Kl A. n. OuirCb. A/lnv must Rnlssrred SdiHan, 

ByXnnaBuckUnd. 



Cloth. 

By H. Courthopn Bowen. 

CompUed end 

By the Rex. G. W. X)e 


LL.U. 

®TS!Sa 


laMacIrtManbMo^lt ) 

tmIffwiiMfIjrB By Prank O. CreaafWe 

Galbraith and Haugbtott. Cloth. 

Galbraitb and Haughtott. Cloth. 

• By Galbraitn and Haugliton. 

..... and nauKhton. Cloth. 

« "Md ProjMttoau Two Veils, in One 
\drrt amiada^M MKW. in Two parts, 
ltd h twlish'Cermau. Cloth. 

nMtloaanr. Xe- 

I 3.000 new wordi. {See alsa 4 a 6 d.) 

Thoroughly Revised by J. R. V 

•U^'jritbl*, OtobMaanr of; By Rev. E. C. Brewer. 
r«VM«rW hditten.Bnkarred. {See alse 4 s <Sd. ) 



‘Kof Haughton. 

' ‘ lUMI OBdoct Loosen 


Cheep Editions. Illustrated throughout 

The Humon Bjtoe. I The World belbve the Deltige. 

The Ooeea World. I M^oumaiiA. 

bSs* 

IHqrM^liJIoidMioInjTlio mt< ffon. anrl of Benoeos* 

OL By Henry 




Lake. With Two rortraits. dec , cr wn 8 vo. 

By Robert Southey, lUustimted. 

Jinmi m StoTF of Mow Work LIfeo off 

.. . By Mrs. Burton Uarnson. 

Flewor do Mwedrod. The Stoiy of e VlrgioU nantadon. By 
M^ Burton IlitvraMi. _ 

I'lylfiihir Dennis 
, Hhistrated. 

J L j y o prt d. >Vith about 400 Ilhistratkms. 
. It «d,) . ^ p,R.C 5 . t a P, 

r»iv. 3 . 

TnOy end other Works by Goldnattb. 

'C4mP Mdthau, With BIghty.eight Sagrev* 

irten. Crown 4 to, cloth. Hwr alsa cs. > 

- of *• lohn Orleber. ’ dec. 

ttt SImNi 

ioa off tiM. For 



nnoMinil ftowh*. 

~Fleadt « Briatowe. p,R.a. 




'•BSsw 


hi LOW VO4 BHinRCdSiMas 

Pby^ Browne, li'ewand /bUmmdSiNltan, 

•s d aM iO tty CoauM iMok oL 

ereoo lUumatiaiis. Cloth. 

MmohMoL By Lewis WHgbt With 



Crown fvo, doth. 

SyheiHii Cobb. Jjner. 

*** CHBAT^r^^XAT^^^lTtONS. 

Br K. U Btorenum. 

!ft wo f ,eiet ByR.{»Ble*eR‘ 


8 A 

mdd 



I IButtttfeed agd brand to ebCb fht Oro«aive> 

I X^. 8 letfret I etod lUe VotttaR. By 

nherltesMe. I wTr. S.JUJstoto .. . 
nt w. * TRlsTTatee. By Vtof; Mtotoy. 





WltS Ortoiiial Dodgmby Haevy Fumto». ^ 

root lartindwioSRWai oskd Mlsio« By Mrs. Ranlhaat Bynge. 

lU^rated. 



By Mill Itovenport 

taMlto By^ Molesworth. 
la CAam Relmetu Clotlt 

M VOOB* Mk, Bywinto 


Illustrated throughout, 
'“'tth PuSdwgn 


•vsiEsSa, 

. Sokeols »»4 Mojr« Containing nwnetona 
‘ £nrm,p^ Sectional Velnmea, 

Uhaatreted 

iia*er^ ^'fusely Illustrated. \{Ste alee 
— IHusirated. ' 
alf.yearly Vc 

-ith t« 

Platea. Colot 


cSssff.i'i 

paper boards, cloth back, bach VuL 

MOi^o|^ A Treosuay for tko^UtUo 

tturougbont. Cloth gilt (Ar e/^a as. 6 d.) 


lell'ik Illustrated, r s^.) 
Ualf.Yearhr Vols. With 
with two FuU'pege Plates 
“ ‘ turea boards. 


LItUo rolko (bNLAnauD SBuiBn). 

Pictuns on nearly every page, traether 
printed in Colours, and Four Tinted 
iSeeaisasd) 

POPlILAli Boon FOB WOmffB BBOBBB. 

Crown Bvo, with Eight Pulbpage Illuatrationa. Cloth gilt. 

A Owoot CMrl Ortodilot A By L. T. Meede. lUuatreted. 

Tho Whitw atoiooo at tholi Oow« By Mrs. Pitt Illustrated. 
Loot tn Oo—oa. K laie ot Adventure m the Navigator lalauds. 
_ By I.. h. L iis M/ith Rwlii Original JHufctmtionfc. 

Tadi oatm **OotuiRS Bvoa'Vwitli JOan. By S. S. Elhs. With 
bight Orunnal iUustraUons. 

2 ^UF * A WoWdeuiiaoBOd Oirl. 0 / L. T Meade. lUnstrated. 
Ti^OaM of a SnotakA By !».wBh PUi. illuatrateA 
“ — ByL.T. Meada 

Advoataroo 


;o* Uy Uuvid Kur. 

— -•;ior,ljila 

U page llnte , 

tira Loyal 'Froatloo. By 


• m* ggartia Lolntli*'o Louc* 

B^^hn C. _W»th P ull^page*Tint«5li Sstr attpnii. _ ^ 


For.^ooa aad Kinyt oti tlra Loyal 'Froal 

Henry Prith. With Pull<p«ge llnt^ Illustrations 
la Quom off Gold* By Alfred $t. Johnston. lUuitieted. 

a^alaeo Bwatotu^ A story for Cirla. Bv L. T, Meofda. 
rortuao aad Ofonr* a story of the Bouden Wa. By 


For 

Leww Uougii. 

**FeUow aiy lAador'^l < 

By Talbot Bnuiea Keett 


OamoU'o Ola— teal Tosto ffnr OokoolR, from as. dd. to a 

(A Its* fast /ret an a//lieat%att.) 




By X>. Glasgow, Vioe*Pr«ddent of 
' T. R. Aabenbawit With 


^**£^R!rerihtndJBumeroua other ITluatretioik. 


htiuton. By the Rev. Dr. 

rroaok-Baotlik — ^ 

'vbhMtiiir.a 




Neee sued Xepited FAWsw. 


Complete in One VA iSee also sa 6d.) 

Srawiair S— Maowaloto aad 

A. Datdwa With over aoo lUpstretiom. 

fdlBlataro oygloyMdta. RoxbttKgb. c^aMAld.) 


BUS 



R. U Stevenson. Ilhatra^ 

~ By R. L. Stevenson. J^rtriied. 
- By c 


oftheTwoRosee. ^AL.1 
MamdleFeia 


By W.W— all. 

Vkatoto— Ofty# Tko. BfW.WedoL 

w«aurtFr"~' 


}t 


BtrooB AmMMv By Mr*. M. k. Bantw IDaalliy 


1 ^- 

4/8 


8 /- 


CdtsiJi A timitidy LudjptiU I^»i$ amd MkAdurm* 




CmtM ^ CfMtfmgTs Ckutifiti Prk* £40, 


^mik eiaiow<4 tniiiwiiBai ow 

“ By Itwr. HanHmiln Wwi^ lUoctnttd. 


•SSSL^mjS» 



niwtnrttiL 

AMMT^ir OHM. 


UnitmiafL CoityliMv ki 


■mmrn iiiiii w i n -w ■■ i w i wu . By Buna«y4 1 

•5mr®fS8sa3w,ss5^ 


■ O l W Bi% PcoAtt«^lttitiinML Ootklttk, 

BTIBi muly 1,000 Bngnviaco. 




Bdftff Scrips StoriM la Pieturoo. 
htf ML) 

^luul aditc Wiotln by GoldMiith. 
M.) 

Bdtmtu WBb Btthty-Msbt Bn- 
boaolkd bowtU. ^ adgM. (Ste 

Volo. f4tm«>UanU»gt4S0HiU. With 

“ arith Two Fun-Mjn PUtog 

~lodi cUtiSm odffoa. 


C Fruther Howard. AVw RdUim BniargHL 

kovbBowMi OnMyitl y OilMMu 

lUuttr«te<L In Voli. bach 

MUk Sonin for CoOoffoo and Bchohb. 

(Thon — * * 



» ooty.ln coirom, 6d. j d^, odj 

be olM^d In sheeu conttln^ two Songi iwordi md 


quentitiee of on* donn end upwerds, i 

MlswkNUl CMutoonsf OatSMil'a 

on caavec and vamiihed, with roilere 

“ * r Of VonctOf Tata — 

IBroaTBy - 


• CkOowra with Hitrbtaen 


j eh» 

, mntlc) m 

3s. at id. per sheet 
Vm OolaaradU Sis. Monnte 
bach. id.4fwi/as.) 

. TBa« By Prof. Hummel, 

trot. W. H. Greenwood, P.C.8., dec. 

By Walter W, May. R.I. With SiktOan 

ColourecTPlates 

JLtttasal Tatabkas la Wabeur* 

Coloured Plata by I^rederlck Tayler. ...... 

Tatabi^^^wab^ By W. H. J. Boot With 

By R. P. Laltch. With 

With Twenty four Plates bom 

Whh Twenty- 
With Sixteen OrUrhu'd 
ByMaudNafteL With 
By Bmast Chesneau 


Eiffhteen Coloured Plates. 

Wab^Ootoor Pa£ibla» 

Coloured Plates. 


«/* 




BSitad by tala PmtaPoa 



sSr^^s; 





Moatiat in^ Jk Ocmrmm «f 

four Plates by K 1* Ldtch. 
tafcfwm. TalatiaBa By Florence Lewis, 

Coloured Hates. 

Vtowan. aad Mow bo Palab btaoak 

Ten Coloured Plates. _ 

Ttao MaBUOh Soliool of Palablas. 

Introducdon by Prof Kuskin. 

JdrUaiblo Aimboow* By I’rof. M Uuvai 
vo^mteiaSBSaoalori Oama'a N*t» and JUtdttd BdiHpn, 
Complete In Four Voa Each. « 

Colounred'SiSep First and Second Series, By I'Tk^ 
F.L.8. Bach. - 

In HIghtV ftla . FJmb. 

-iarjLCaoooU’a Complrte in Sis Voh Each. 
iSr/OoSm^ Consisting of 

By BUS A. Davidson. 

ssa!srzi£!ir^*w^ 

oallnen wlthtollan. Eadi. (^are/raas.) 


■asUOta 

Ovan to 


aadi OUawal 

^Jtk9 j|a.,.8s. 


PeiakkMtt of mere 
A LiHPiuiAm MS 


Oft FroaAmber 


B. Ayrtee. 

' Mfo 


'etepbona By 


wifoii 


By M Henry 

Mbnith a|||d Hmtghtgn. 


Vd. Lt smqktbb BMCLISK 

* RSL “ 




TKATIONt OF BKCUSK BSUGION. 

VoL IV. I SHORTXP WORja IM BMOOAMI PbOiB. 

SKBTCinUI OF XxOMCM WOMCS Df ENCLtSK VBRSB AND 
PBOsa Bach. (5ta e/ra £5 5S.) 


Monnted 


CHatObli Bvldences of Christianity set forth In the Person 
and W<^ orQirlst. By Tames AHcM^ Minister of Brddno 
Church, FaBrirlc. . . 

m.^<lo<nM tar I B iBl a iid • and o^ Seraons preached to 
Chlklreii, By theKev.^. Telgnmenth Shore. M.A. 


._J edges, Ski French 

rpv5!??a«i?r! 


h moreeco, red 


red 

,_i aa 

morocco, tflt edges, 

By his son, the Xev. 

is Waiiac^IiLA^ P«putmr BiUUn, 

Cloili ght. gflt edges. \fim mtaf 



' munrse. 

•**'"*"** 

ACemjwtfon of Tabdes and Buies fsr ^ Use 


M » wew , B, Tlxn. 
■ no wtt i M r tar f a al or la Ma o b J MMo a> By thomse assvens. 

* ^ ^ 
_» . •_ .. I'B, with npwiids of 1,000 

MuSS TnneM tr Hk, j, 

'^^fnrftdTWS-i^ '»i!s 

'Ey WSSmlilcEierSiMscSr - w*— . 

ao Ib^n^^rd Lebon and Ptad Msh WHhThrae 




€0&pi ^jiiW tf lt^ .Mi iM jMppr ^ , y »ft Ctajewed l 
and neasrow HagrSivIhiA Conawl m 0001 aase B s o l^ 

— OBBtaWta ^ ^ 

Sfe&KR.’ 

^^ig^^Themy tahB WerlP 
’ “^TwHy-Vt 


dkisdl Jt IamiM, £m4llM Amk m$d 



7/6 



iQtttdl f CbrnH/M £M 






8i«k 

«MMn OMiMr i l% i, ^ U 

Nmlu!dCktm£dm*H 


^•is£psassr*sss'^ 


ClotliKlIt (i!t»4£r«p) 

^Kj^SbafSffSS!^ SSy* <<»*>*> WUh aoo CMgM 

into iMiMPi^ 

VfMriUl ttff VfMiAflML *Mu^ Two VAti> lltiMtntad Biidki 
W^Z^rnmStlSi^ Wr« Wkith with about 4M nktttn 






Aim W MtUmrg^ Startu. With 
‘ “'lout w Otl|{ln«l lllub 


CoatilbattoiM About 

iltM ^TtSfcTi^' 

wtm^Jk 
Ootimriu 

^SKKS^ 

•am* g«.*5r?!JhS^^ 

RMMy, ncXITFifSriitM 


fdutot* Cfum amum . LMV«4to 
i>,»».M.. isa •*ultt4S.) 

PmtUrnr BtUtwn 
. _ . . anJm,) 

Wmxrrn^jdm mma w«ric or si. VmL AgM«^ A^«Aiw 

ntMUw. (ibf «2f0 m. «d.» <5B., att« ao.. 4wi<tf 4 m ) 

l*g« With Qowly teo ntuttratiooi 


0UI^ Itfo to CHuMt «to« With about aoo Orlgtiial lUui 
tfattorOo^^ i^MSTiautuLMUlng.) 

Cham BdUioH lUuitratod. Cloth, {itat «/f « loi. 6d i 


'“ssaaii.’SJJSSLj^ 

*TOJSS3r 15!L1 

««# ash) 

ato Mx 

POtoOOtte»Wtetowya«toi Ko«t»«rh. CSo»lf»9t.M.) 
CedHoTF. CNtjtoon*> Mdt to to i nr Wtow ol throurhout 
Itosbtifik CAa«Ao]d.«a.> 

CMmoll’to. Rosbunth. (Shfa(Aa«a6il) 

to ote ol < d to to> Oh otoiWd<lii cam) 

Mt 

By Phen4 Spiert. Itfawtiatod 

••‘wssssSK^srs?^’^^ 


tmim 

{)% 


In Fourtoao Oivialonal Vohk Each. USM mi*a ais. mnd afu> 
kguto »toOl!F» VIM Metlouurr oi; Cham BdUian. {Sat 

aUaatSh^) 

__ Ro:i^urgh. (Sta ahta 

7>.M.) 

oMoAlftolitoBotortalnmontavnio. With Itlustratlom 
by Guitavo CbfO uid other wall knowa Artuta. NawadiHan 

ktoaml Mltoorry Co—H*o Oottoioo. ByFkxtf E Poreoval 

Wright M A Illuitratod. Roxburirh. (•Sar ul» 7« fid ) 

VtitoF* Thm Pook of. By Lewis Wright Pa/^r EdUum 
with IQustrations on Wood. (54* a/ra sts. dd. and £a as ) 

vn^iSST*wi^s:sss 


With Notes on Shootliig 


POBtoUl*li Vtt0rito*O FrnBIBBBi lUmtratwL Cloth, btvalled 
bowds, tod edg^ ISm eiio s> 6d arid Si>) 


Conploto In u Vote. 




auMa*s MlalMw* nia] 

In Box. (.5 m mUa xst and sta.! 


tdaa SL, ys. <4.. «*mI 90.! 


A Idat OH 




/■ 

6 


SMWP vrvwn ^cu* rwhcwi 

AClddloAoos. IV . litodMm Uhttoty Wlthltluste 


CtoBtoUMtoOflhoPMf! Bditod by Edwin HoddM mustrsiod 
Coai^ete ittThtoo Vbls.^ucliL 

J UI |yto to J s ^Ito WOlM OBi CoatplBlo in Throe Vote. FuBy 
^^Ith'SSu^ ^iSt and'^nSaonus^o^^n 

graTWgs Lach 

SlOOteiiltotottoBorviOO totlMl. A Popular and Pracbcal 
IroadM. imooariygyoIUustmioas. 

•‘»!S8S!i»?a!S%r^^ 

*'Wx)S5?7b.'W‘3UWri. 

throughoiit. Extra crown 4to. Bach, 

Vol I, Early 
VoL in . The 
UusttatioM. baoh. 

yto; With about 

— TK.- — Inl^Vbls Each NtwHudEMsad 

\dtttaH, Volnl II Ifttsodiv Each. {Saamlso£si 

lir.A. t j'sit, 

VtolUMs With about 

Prlllili Pftttlto Ml bKAB^tohd BMU Thno Vob. With 
about doe Engiarngn Hya. (SMedwfos) 

“ lllintratod. <5hreAeus.) 

1% IHtotify to» With aiwot 

#Avi 15V*) 

By JaflBoa Grant. With mb ut 400 
Complata In Six Vote Cemtaining 

MMMf ito.Atlr R(WtoE4to» ^teldotetoPl^ Bach 
ootttainuig about 350 Ulustrations and THagmins. Each 



Coloured 

doth Ridos. Each. 


Contnmod by lefeteuce to the AHveian and Mtyvttea 

Sculptures lu the British Museum sad eUewhete By Re* Dr %inuel 
l^us. F K A S &c (he With Numerous Engravtngs 

Complete la Two Seriei. With Forty Coloured 

- yaahllUur* Complete In FWe Sertea. Forty 
Wh. Cloth gilt in cardboard box, or morocco 


WtM Ptardtek TMBtltora Complete to Fout^ Series. By W 
Swaysland With Forty Full page exquisite Coloured Illustratioiia. 
CIlotDgilt m cardboard btHK, M morocco doth sides. Each 

IfuS'm- i^^^Cdoured $Ltos ^ 

each, and Descriptive Text Cloth gflt. to cardboard ‘ 
cloth sides. Each. 


12/- 


12/6 


d box oramrocco. 


•awMU. Morrto tiM. By sir R Stas^ M LL.D . 
FRSTRAS Royal Astronomar of ImtenA AgtMter AiA/uer 
lUustiated by Chromo Plates and Wood Bngniviags. 


TIlM CtoMato ,Po»teto|, «ton». fim a^ Second Sarien 
Eatt Coutalntojr ytt Cebtoet Photognmbs of Eminent Men and 
Women With Biegnpbical Sketches Ea^ 

ICliallMiBtMy»DloltOMUrFto. Roxbutgh. (54re/f»cos.6d) 
Tmxwmx*U lto» to Ohxitos VIm. PrnmmrEdMm. TteaK»lC 

iSaamiaaio. ys (Sd,roa.ed, s4a.,4mM/4Bs; 

Vkmr*ai.,Uto «ato WtoP to jto JNmI. p^tm^Bdi 
^riee<calf iSaa atso te , ys M , 10a M sis , S4S.. ewe ass I 

imr** Ptotor PtoTB to OtoliitiMltr* ammaw Bdutm 

Trea<cair {htamiaata ys fid. soam aas., emf fiss ) 


rushnUMiis <5weA»3S fid. mssT^rs.) 
Pg^apJBtotad^^^^^ Hundred Qrktoal EiMlsattene. 

**m2iir^to*i!aw isiisussf .SM?;r 


iPaadaaaridHaaH oaa rs. 4d.) 

Idtamiy adtHan, (Slwetesoa.) 


’"^itepf’^BSftpirti!^ ^ rtvwfight By Mtea B Watts 

w.W WS-cSSL* ‘S5saVfl^“S' 


«TOff4sr,5?s!S?n 


in One Vol (£^A»9S.) 

Twn Veto, to One 




sii.r 


K,ha^hdkiaH Cloth 


••mX!iSSSBSSJS:^S!&3P 


16 /- 


10 /- 


CmmIT 4 Ctmfm^ JUmi U il, lnuttM Sill, Imam ; fiarlt mut MMmirtm, 




48/-' 

tonii. 


46 /- 

m 

80 /- 

«s/- 

I* 


OwmSf I* CrntpOHj^s 


.oiTncu, F3.A. (Vak. wiS 



By ih* Van. ArdxUk con 


il.. fl. Aliki MMf a4t.)f 

"TO.S5»/SJSri;T&2!^X‘’^^ 
"«awq!(unLA wkk «#,<:««.- 


'TO.sr^ 


l.4d.) 

la Thna DoaUa Vols., ludl«cal& 


■Srooca. (jNtwa/r# jja) 

0 « MH — u« «k» OMlBfeMMjl BMf «!• 

Hatf-aorgNSco. (/^ar «w uii 




liOi | j><l» % *• abaut 


“^iras&waE?:^^ 

8«l^ ThraaVola.. doth gUt 




^ - A DallaMtloa by P«a and Faadl of all 

tiM PoatuvM of Intarait la tho Doinloloo of Canada, from its 
IBaoofacr tPiba PraMnt Day Wltli about 809 Orlgbial lUustnitions. 






— 

’1 ^ ^ 

**<MbaUo.** W w liwt ii t Jty ^V wi B^lM ia i It A. 

XMN^tr.** ;«^fliyid*d^flMrBdua<dQcUl^ 

iSlsrMna.) 

BMisgr WL** IBait f jl fcod By «r Uatoa, jP.R L 
«*T«r«]4Ui HMferaiad ^ G H. fiduglnon, A R A. 


Mnarwia Bdlt«m*ili^ MJSbnum «b Tho Bot ol 

Eui aocoeco (64s aitp ys. <d.) 


nrm Vote.. 


•“m53S*^kTafK5^ 



sissj 




vii^ 'lisOMtod by Gustavo DorA Two Vols., host 


Ftotwawito SmNOP** Aojxs Pa/^*r JSdMptt Completa in Pivo 
Volumas Each contaioiag Tnlrtoon axquisla Steal Plates from 
Original Drawings, and nearly aoo Original Illustrations, with 
descriptive LottariwasB. Royal 410, cloth gilt, jfat, half moroccA 
;£;3 i ios • morocco gilt, £$3 zos. (Set aiso to*, mnd axs 8d ) 


|£4/14 

B6 

£5/6 

£7/l( 

£7/1^ 

£12/1 

£16 

£21 


Monthly Serial Publications. 


Arts KaffasiM of. Is. 
AtlMs TIm OnlrwMO. 18. 
BtUBWouMA aaO inirMB. 80. 
Britigli BattlM on LmUL aiid 8«u Td. 
OaUiMt Tortrott WlBiy, VtiA. Is. 
OaiuuiSB and Ctaft^Urds. 6d. 
OmhmU's UhnidM. 7d. 
OasMdl’B Vatoriir Histosy. Nem 
MdtHofu 7d. 

ooaaueBts of tiio omo. Td. 

OOKO BlUt. KL (And Weekly, Id.) 
X>oc4 OsUory, l!]io* Td. 
iimTsndi Hlrtoiy of. td. 

BngSIsb Xdtivd^oro, Xdtncixy et dd. 
Fuailly Pliyslcdm ThM, 6d. 
yiixnut^B XdiB of oiiztBt. sd. (Asd 

Weekly. |d.) 

rifidiBri 9oi»olir Monttflo Worln. 

QOamuui Ototlonazy* OmboU'b. Sd. 
iBtefi flron Poimlaar Antbon. 
Td. 


Berooi of BrlteSn. 8d. 

Blstono HooMBOf tbe United King> 
dom. Td. 

BOljr Lftnd, Tbe, nod tlie BiUe. ^ 
Rev, Cunningham Geikie. Td* 
X4fd Rad Ttmei of Queen Viotorld. 
Td. 

Uttlo ToDm. 0d. 

London, 014 New. Td. A8|d. 
Modem Bnw^ A Bintory ol 6d. 
NttUondl Litmy, OusOU’b. 

Weekly, paper, 8d* ; cloth, 6d. 
Old TeBtunent Oonunestnry, Tbe 
Edited by Bishop Exxicott. Td. 
Our Own Oomto. Td* 

PooNloB of tbe Woidd. Td. 
Plotteoeqno Amextea. an dd. 
Piotnreeone AnitmlMin. 7A 
Ftotnxdeono Modttem^^ 88.ed. 
Bopnlir Bdnoitor, GmbOQ'o NSW, 
•d. 

QniwOTy 71io« 64a 


BeUctoa, IMioiimt «£ dd* 
SiTert of droLt SMtela. Jm, 
BoMneon Cbnuoo, 0Mdda*i. dd. 

BaImvdttwN'oilimiils 

dd. (And 

BdUfM tot AU. TA 
atiiSdilnay, «lid Xdfe ot dd 
Sports end Sisttmis, omou’s 
N ool^dt dC 

dtoggogm of Oondral Ittfomuifeloii, 

at<«8^^^ m&iftmu ta 

T^.MOiiiUsr. dd. 

WUd nowere, rejnSUnr. dd. 
Work. 64. (And Weekly, 14.) 
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